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Summary
Work related musculoskeletal disorders (WMSDs) appear to have many causes 
including factors in the work environment and in the performance of work. Whilst 
recent attention has been focused upon physical and psychosocial work factors as major 
determinants of WMSDs, interactions between these work factors have not been 
researched. This study has investigated these interactions, with particular emphasis to 
the lower back.
WMSDs in this thesis have been described by symptoms involving aches, pain and 
discomfort and the main outcome of the study was the lower back with attention also 
paid to the neck, shoulders and upper limbs.
A cross-sectional epidemiological investigation was conducted to determine whether 
interaction between physical and psychosocial work risk factors increased the risk 
associated with low-back disorders and other WMSDs. The study population consisted 
of approximately 1400 male and female workers performing manual handling, delivery 
driving, repetitive work and sedentary work within BOC Gases.
Individual workers were classified into one of four exposure groups that were defined 
by different combinations of low/high physical and psychosocial exposure to work risk 
factors. Exposure and outcome data were collected using a self-report questionnaire, 
comprising of previously validated exposure items for physical and psychosocial factors 
and outcome measures. Exposure biases were investigated in a field study using 12 
workers.
The estimates of risk showed that high exposure to physical and psychosocial work risk 
factors increased the risk associated with low-back disorders greater than the sum of the 
relative independent exposure effects, indicating an interaction effect.
Interaction effects between physical and psychosocial work risk factors were also 
observed for the wrist/hands and a tentative interaction was observed for the shoulder 
region. An interaction effect was not observed for the neck region. Possible 
explanations for these observations are provided.
Risk reduction strategies aimed at prevention of work related musculoskeletal disorders 
should address both physical and psychosocial work risk factors as they interact to 
magnify the risk for some of the musculoskeletal regions studied. Preventive strategies 
should not, therefore, only focus on physical factors. The greatest benefits are likely to 
be realised when both physical and psychosocial factors are addressed.
The mechanisms explaining the observed interactions are explored using the current 
literature and a research model is proposed to provide a platform for further research 
regarding work related musculoskeletal disorders.
This thesis is dedicated to the living memory o f  Dr, Stephen Pheasant 
- A rationalist, humanist, mentor and friend
“ We are fiercely competitive in our consumption o f goods and services; and our 
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with things like compassion, the intuitive grasp o f truth and beauty and the sense of  
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Pheasant (1991)
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CHAPTER 1 
INTRODUCTION AND LITERATURE REVIEW
1.1 Introduction
The term work related musculoskeletal disorders (WMSDs) has been used to describe 
disorders and diseases of the musculoskeletal system possessing a causal determinant 
which is work related (Armstrong, Buckle et al., 1993; Kilbom, Armstrong et al., 1996). 
A causal determinant possesses association with the outcome, time order such that 
exposure to the determinant precedes the outcome and direction that demonstrates a 
change in the outcome following some change in the determinant (Susser, 1991). The 
World Health Organisation has used the term 'work related' to describe a multifactorial 
aetiology where the work environment and the performance of work contribute 
significantly, but as two of a number of factors, to the causation of disease (World 
Health Organization, 1985).
The general anatomical locations that most commonly experience WMSDs are the back, 
the cervical spine and the upper extremities (Andersson, Fine et ah, 1995). The 
terminology for WMSDs can vary and terms like RSI (Pheasant, 1992; Pheasant,
1994b) and cumulative trauma disorders (CTDs) (Armstrong, 1996; Kasl & Amick III, 
1996) mix cause and outcome which can create confusion with respect to the probable 
multifactorial pathology of such conditions. The term work related musculoskeletal 
disorders (WMSDs) (Hagberg, 1996) is preferred for this reason and will be used 
throughout the thesis.
Issues about how to conceptualise and measure WMSDs is still under debate, which 
makes the study of aetiology rather difficult (Kasl & Amick III, 1996). Some studies 
have used a measurement of pain severity as an outcome (level, frequency or duration) 
(Kuorinka, Jonsson et ah, 1987; Greenough & Fraser, 1992). Different methods have 
been used to assess physical impairment as an outcome measure (Waddell & Main, 
1984; Waddell, Somerville et ah, 1992). Disability has also been measured as an 
outcome (Fairbank, Couper et ah, 1980; Kopec, Esdaile et ah, 1995). Unfortunately,
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correlations between pain, physical impairment and disability are generally low 
(Waddell, Somerville et al., 1992; Clinical Standards Advisory Group, 1994a). This 
makes comparative validity tests very difficult to construct and "Gold standards" for 
assessing various WMSDs are still unavailable but some measures have become 
standard like the 12-month prevalence of low back pain for example (Clinical Standards 
Advisory Group, 1994b).
Physical impairment has been defined as pathological, anatomic or physiological 
abnormality of structure or function leading to a loss of normal bodily ability (American 
Medical Association, 1958). Disability has been defined by the World Health 
Organisation as "Any restriction or lack of ability to perform an activity in a manner or 
within the range considered normal for a human being" (World Health Organization, 
1980). The essential difference being that physical impairment is an objective structural 
limitation measurement and disability is the resulting loss of function usually reported 
subjectively. It is stated that disability occurs as a result of the inability to overcome the 
physical impairment or incapacity that elicits a pain response (Hadler, 1993). However, 
it can be argued that this cascading set of outcomes may not always occur in that order. 
It may be that a pain response elicits physical impairment that may or may not result in 
disability.
Pain, physical impairment or disability of WMSDs may be influenced by aetiologic 
factors that are similar and also specific to the outcome used.
1.2 Classifications and prevalence of work related musculoskeletal disorders
Some of the disorders classed as WMSDs exhibit better defined signs and symptoms 
(e.g. rotator cuff tendinitis, carpal tunnel syndrome and lateral epicondylitis) than others 
(e.g. idiopathic back pain). Many of the disorders are less well defined myalgic 
conditions typically involving pain, discomfort, numbness and tingling sensations
3
throughout the neck and shoulders, upper limbs and lower back.
Figure 1 W ork related m usculoskeletal disorders excluding neuropathies.
Cervical syndrome 
-------------Tension neck syndrome
Bicipital tendinitis
Rib
Rotator cuff 
tendinitis
Humerus
Medial
epicondylitis
Radius
Spine 
Lateral 
epicondylitis
De Quervain’s 
tendinitis
Metacarpal 
bones
Flexor
tenosynovitis
1.2.1 Work related neck and shoulder disorders
1.2.1.1 Classification
Disorders of the neck have been classified as cervical syndrome and tension neck 
syndrome (see figure 1) (Waris, 1979). Cervical syndrome was defined as pain caused 
by degenerative changes in the cervical spine which radiated from the neck into the 
shoulder region and the arms. Tension neck syndrome (a myopathy) was defined as
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pain, fatigue and stiffness in the neck muscles. Radiating muscular pain in the neck, 
shoulder and upper back makes it difficult to separate these outcomes in an 
epidemiological investigation (Pheasant, 1991).
1.2.1.2 Prevalence
In a review of epidemiological studies investigating neck and shoulder disorders from 
1966 to 1986 it was found that tension neck syndrome was more prevalent than 
radiographically verified cervical spondylosis (a degeneration of the cervical spine) 
(Hagberg & Wegman, 1987). In a more recent review of tension neck syndrome 
(Hagberg, Silverstein et al., 1995), 12 cross-sectional epidemiological studies between 
1976-1988 demonstrated a prevalence of between 1.4-61 % in the exposed groups for 
manufacturing, teaching and office occupations.
1.2.2 Work related upper limb disorders
1.2.2.1 Classification
The term mainly covers tendonopathies, neuropathies and myopathies of the elbow, 
forearm, wrist, and hand regions. A tendonopathy includes disorders of the tendons 
and the junction joining tendon to bone or to muscle. Lateral and medial epicondylitis 
(see figure 1) are tendonopathies resulting from oedema and pain to the attachment sites 
of the extensor and flexor muscle origins to the lateral and medial epicondyles of the 
forearm respectively (Waris, Kuorinka et al., 1979; Pheasant, 1991; Hagberg,
Silverstein et al., 1995). Rotator cuff tendinitis is an inflammation of the tendons 
resulting mainly from impingement, compression and reduced circulation against the 
anterior surface of the acromion of the shoulder region (Sommerich, McGlothlin et al., 
1993; Hagberg, Silverstein et al., 1995; Hagberg, 1996). Bicipital tendinitis results in 
pain and tenderness over the bicipital groove on the humerus typically during shoulder 
flexion, elbow flexion and forearm supination (Sommerich, McGlothlin et al., 1993; 
Hagberg, Silverstein et al., 1995). De Quervain’s tendinitis is an inflammation of the 
tendons crossing the radiocarpal joint. The condition peritendinitis affects not only the
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tendon but also adjacent connective tissue such a muscle and is characterised by 
inflammation and pain similar to tendinitis.
Tenosynovitis and tenovaginitis strictly apply to conditions that affect the synovial 
sheaths surrounding some tendons in the forearm. The accumulation of fluid in the 
tendon sheath may result in the tendon sheath becoming fibrous which increases the size 
of the tendon and the movement of the tendon within the synovial sheath (Waris, 
Kuorinka et al., 1979; Pheasant, 1991). It can be very difficult to differentiate between 
tendinitis and tenosynovitis conditions as the same signs and symptoms of inflammation 
are presented (Hagberg, Silverstein et al., 1995).
A neuropathy includes disorders of the peripheral nervous system typically as a result of 
nerve entrapment or compression (see figure 2) (Buckle, 1994a; Hagberg, Silverstein et 
al., 1995). Carpal tunnel syndrome may be caused by an increase of fluid pressure 
within the carpal tunnel where many tendons of the finger flexors and the median nerve 
pass. It is characterised by symptoms of pain, numbness and tingling within the 
distribution of the median nerve of the hand (Pheasant, 1991; Hagberg, Silverstein et al.,
1995).
Other mechanisms are also postulated for carpal tunnel syndrome (Buckle, 1994a; 
Rempel, 1996). Ulnar nerve compression (cubital tunnel syndrome) results in pain and 
tingling down the medial side of the forearm to the areas innervated by the ulnar nerve 
in the hand (see figure 2). It is caused by the compression of the ulnar nerve as it passes 
through a ligamentous tunnel behind the medial epicondyle of the forearm (Pheasant, 
1991). Other neuropathies are discussed elsewhere (Buckle, 1994a).
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Figure 2 WMSDs involving nerve entrapment or compression.
Cubital tunnel 
syndrome
A posterior view of the right upper limb
Ulnar
nerve
Median
\ \  
•. \
nerve
Carpal tunnel- 
syndrome
\  * i v -
Itx
Myopathies are muscle disorders that exhibit symptoms of persistent pain, numbness, 
aching, burning and stiffness and are often undiagnosable with respect to a clinical 
pathology (Hagberg, Silverstein et al., 1995). This type of disorder is sometimes 
described as disseminated over-use syndrome and the pathogenesis remains obscure and 
contentious (Pheasant, 1996).
1.2.2.2 Prevalence
A review of 19 studies using cross-sectional and case-control epidemiological designs 
between 1979-1991 showed a prevalence of tendonopathies between 0.6-18 % in the 
exposed group for manufacturing, industrial and office worker occupations (Hagberg,
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Silverstein et al., 1995). A review of 10 studies using cross-sectional and case-control 
epidemiological designs between 1981-1991 showed a prevalence of neuropathies 
between 0.6%-61% for industrial work occupations (Hagberg, Silverstein et al., 1995). 
A review of 13 studies using cross-sectional and case-control designs between 1983- 
1991 showed a prevalence of myopathies between 17-98% in office, industrial and 
manufacturing occupations (Hagberg, Silverstein et al., 1995). The highest prevalence 
reported was for the myopathic or disseminated overuse syndromes when compared 
against tendonopathies and neuropathies in similar industrial sectors.
The prevalence for myopathic conditions may be biased by the inclusion of cases with 
clinical diagnosable conditions that have been assessed by questionnaire only. Mild or 
fleeting pains may also have been recorded using questionnaires for assessment but 
such symptoms may also be a precursor for more severe symptoms such as chronic pain 
(Pheasant, 1996). The mechanisms of the pathogenesis can be explained (Jayson, 
1997b). However, this temporal pattern has not been clearly demonstrated. The 
prevalence of this type of condition would still be relatively high despite the potential 
biases.
1.2.3 Low-back disorders
1.2.3.1 Classification
An operational definition of low-back disorders has not been consistent in the literature 
although classification systems have been developed so that epidemiological data can be 
compared with respect to outcomes (Nachemson & Andersson, 1982; Spitzer, LeBlanc 
et al., 1987; Coste, Paolaggi et al., 1992). In a recent structured review of 26 Nordic 
studies investigating the prevalence of low back pain, the authors remarked that their 
review was hampered because of inadequate and inconsistent definitions of the low 
back disorders used in studies of similar design (Leboeuf-Yde & Lauritsen, 1995).
There are two main approaches to the classification of low-back problems. The first is 
based upon symptom classification and the second is based upon pathoanatomic 
causation. The Quebec task force (Spitzer, LeBlanc et al., 1987) developed a 
classification system based on symptoms and lists eleven categories ranging from pain 
without radiation (category 1) to chronic pain syndrome (category 10) and other 
diagnoses (category 11). The duration of symptoms and working status are important 
parameters in the classification system.
Figure 3 Known aetiologic disorders of the spine.
Low back problems exhibiting a known aetiology is the second system of classification 
but is applicable to less than five percent of working-age patients with back pain (Deyo, 
Rainville et al., 1992). Some conditions with diagnosable pathologies are listed in 
figure 3. A detailed description of such diagnosable pathologies can be found 
elsewhere (Frymoyer & Andersson, 1991; Cailliet, 1995).
1.2.3.2 Prevalence
Non specific disorders, i.e. disorders with unknown pathology, of the lower back are the 
largest single category of lost time workers' compensation claims in the Untied States 
(Frank, Pulcins et al., 1995; Guo, Tanaka et al., 1995). These claims have been steadily 
rising in recent years in terms of frequency and global cost even after adjustment for
• Degenerative spinal disorders
• Prolapsed intervertebral disc
• Spinal stenosis
• Segmental instability
• Facet syndrome
• Spondylosis
• Spondylolisthesis
• Others
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demographic changes (Kelsey & Golden, 1988). Approximately 60-80% of workers 
will also experience low back pain sometime during their working life (Clinical 
Standards Advisory Group, 1994b; Andersson, Fine et al., 1995). It has been obtained 
by self-report that estimates of work loss due to back pain among employed adults 
range from 2% in the past month to 8-20% in the past year (Clinical Standards Advisory 
Group, 1994a).
Some studies have diagnosed back pain as a clinically diagnosable pathology e.g. acute 
prolapsed intervertebral disc (Kelsey, Githens et al., 1984; Kelsey, Golden et al., 1990); 
or sciatica (Heliovaara, Makela et al., 1991; Riihimaki, Viikari-Juntura et al., 1994). It 
is understood that a great proportion of cases with low back pain do not exhibit 
pathological signs and are classed as non-specific episodes of low back pain (Pheasant, 
1991; Andersson, Fine et al., 1995). Studies using a diagnosable pathology will have a 
relatively low outcome prevalence compared to studies using the identification of back 
pain symptoms. The Quebec task force on spinal disorders provided the same statement 
and adds that there is often a discrepancy between the level of pain and the loss of 
function compared with minimal physical signs (Spitzer, LeBlanc et al., 1987).
1.3 The pathogenesis of musculoskeletal disorders
With regards to the back, sprains to ligamentous connective structures and strains to soft 
muscular connective tissue are considered to be the most probable causes of 
occupational low back pain (Andersson, Fine et al., 1995). The mechanics of spinal 
pain are very complex and the understanding of the biochemical and physiologic 
processes involved in spinal pain has lead to a modification of the biomedical stimulus- 
response model to include a time-related factor. The time related factor takes into 
account the changes that occur within the nervous system after prolonged noxious 
stimuli (Siddall & Cousins, 1997).
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Nociceptors are free nerve endings capable of generating pain signals when exposed to 
chemical, mechanical and thermal stimuli. Nerve endings found in ligaments and joint 
capsules that are sensitive to mechanical stimuli are termed mechanoreceptors. There 
are many structures in the lumbar spine that accommodate nociceptors and they are 
listed below (Waddell & Frymoyer, 1991; Cavanaugh, 1995).
Pain sensitive structures of the lower back
• Lumbar facet joint (capsules)
• Ligaments
• Intervertebral discs
• Vertebrae
• Muscle
• The Dura
• Dorsal Root Ganglion (indirect innervation)
• Dorsal Root (indirect innervation)
Tissue damage from external factors may result in an inflammatory reaction that affects 
further stimulation of nociceptors. Chemicals are released from damaged cells like 
potassium, bradykinin and histamine that act to sensitise high pain threshold 
nociceptors. As a result of this sensitisation low intensity stimuli from the external 
factors that would not have been detected as pain before sensitisation are now perceived 
as painful. Additionally, surrounding uninjured tissue sites can also become 
hypersensitised. This phenomenon is referred to as central sensitisation (Siddall & 
Cousins, 1997) and is implicated in the pathophysiology of neck, back, upper limb 
disorders and muscle pain in general (Pheasant, 1991; Pheasant, 1993; Pheasant, 1994a; 
Hagberg, Silverstein et al., 1995; Pheasant, 1996). The time course of such a cascade 
has not been quantified but it may be variable and dependent on the intensity, duration 
and frequency of external stimuli and the capacity of each individual.
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1.3.1 A definition of pain
The International Association for the Study of Pain has defined pain as:
“ An unpleasant sensory and emotional experience associated with actual or 
potential tissue damage, or described in terms of such damage.”
Cited in Siddall & Cousins (1997).
Current understanding is that pain is not simply a response of pain sensitive nociceptors 
from stimuli but involves a complex interaction of sensory, emotional and behavioural 
factors (Siddall & Cousins, 1997).
Keefe & Egert (1996) describe a biomedical model in which WMSDs in general 
produce a nociceptive pain signal that is conducted along small and large neural fibres 
to the central nervous system (CNS) pathways which subsequently trigger the pain 
sensory portions of the brain. Venous obstruction and dilation may develop in relation 
to disc degeneration and herniation, which are subsequently associated with nerve root 
fibrosis and degeneration (Jayson, 1997b). By applying such a model it is expected that 
the tissue pathology responsible for the WMSD will manifest itself and will explain the 
aetiology of the condition. However, it is known that many cases of pain, irrespective 
of anatomical location, do not exhibit a diagnosable pathology (Jayson, 1997a). This 
may be due to the inability to detect unknown pathophysiologic changes in the various 
tissue structures or that a more complex model is needed to understand the nature of 
pain.
An alternative model to a biomedical model has been proposed that attempts to provide 
an understanding of persistent pain experienced by victims of WMSDs (Keefe & Egert,
1996). This model introduces a cognitive-behavioural pathway that can modulate the 
perception of pain. Modulation of pain infers some switching mechanism that blocks or 
filters the transmission of nociceptive signals. Such a mechanism has been described as 
the gate control mechanism and proposes that the action system responsible for a pain
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experience and response is triggered when an integrated pulse from the dorsal horn T- 
cells1 reaches or exceeds a critical level (Melzack & Wall, 1991). The central nervous 
system pathway is activated from transmission signals from the modulating gate. Pain 
sensations are produced from the central nervous system that might trigger cognitive, 
behavioural and affective responses, which can then affect the modulation signals in the 
gate control mechanism.
The cognitive variable describes belief about pain, negative perceptions of pain, 
perceived control of pain and pain coping strategies. Behavioural responses describe 
pain avoidance posturing and habit forming pain medications. Affective responses 
describe anxiety and depression. Cognitive, behavioural and affective responses are 
suggested as being possible determinants affecting the perception of pain. The greater 
the time spent suffering a WMSD the greater is the opportunity to introduce these 
feedback paths to alter the perception of pain and increases the persistence of the pain 
condition. Evidence supporting this alternative model is scarce in the scientific 
literature on WMSDs (Burton, Tillotson et al., 1995; Symonds, Burton et al., 1996; 
Burton, Tillotson et al., 1996); however, there is evidence to support the gate control 
theory that forms a part of a larger motivational-sensory model determining pain 
(Melzack & Wall, 1991; Siddall & Cousins, 1997). It may be that one cannot merely 
talk about pain without involving some temporal factor to describe the time relation 
characteristics of the pain phenomenon.
1.3.2 WMSDs and the impact of ergonomics
It is stated that many of the interventions against WMSDs have been unsuccessful 
(Winkel & Westgaard, 1996). Kilbom (1994b) cites studies suggesting that chronic 
WMSDs are very difficult to cure even after eliminating exposure to the major risk 
factors. It is believed that ergonomic interventions at the workplace are most likely to
dorsal hom T-cells transmit to various reflex actions and the brain when excited by 
other nerve impulses from the injured tissue site.
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be successful if  taken as a preventative measure before WMSD symptoms arise or 
perhaps extend to chronicity (Lagerstrom, Hagberg et al., 1995; Kilbom, Armstrong et 
al., 1996; Frazier, Stenberg et al., 1997). Ergonomic interventions designed to limit 
spinal loading may be capable of reducing the proportion of individuals in high load 
environments with low back trouble and may also reduce the frequency of recurrence 
(Burton, Tillotson et al., 1996). Chronicity or sickness absence is more likely controlled 
by factors such as beliefs, attitudes and coping strategies.
It is clear that before ergonomic interventions for prevention or reduction can 
commence within an organisation the magnitude of the problem must be known and the 
potential associated risk factors must be identified (Stubbs, 1991; Stubbs, 1994).
1.4 Risk factors for WMSDs
There has at present been only limited success in identifying the causes of WMSDs and 
in translating this knowledge into effective interventions in the workplace. This may be 
because the intervention strategy deals with too few factors forming part of the problem 
(Winkel & Westgaard, 1996) or worker involvement may be lacking to aid reduction in 
exposure to risk factors (Wickstrom, 1996) or that the design of intervention strategies 
does not consider assessment methodology sufficiently (Stubbs & Buckle, 1991).
The epidemiological approach attempts to derive cause and effect relationships between 
ergonomic factors and WMSDs while accounting for individual factors like age and 
gender mostly (Buckle, 1997). Other individual factors like strength does not seem to 
predict back injuries in the workplace (Battie, Bigos et al., 1989; Mooney, Kenny et al., 
1996).
However, this does not mean that individual strength is not of aetiologic importance. It 
has been shown that a complex relationship between posture and strength exists and that
14
adopted work postures are responses to the task demands (Haselgrave, 1994). The 
postures adopted when exerting force affects individual strength capacity and the 
resultant loading on the body (Haselgrave, 1992). The interrelationships between force 
and posture during the performance of work have not been measured in epidemiological 
studies.
Observations over the time course of epidemiological research have led to models that 
possibly describe the chain of events leading up to WMSDs. One such model exists 
(see figure 7) for work related neck and upper limb musculoskeletal disorders and 
describes four sets of interacting concepts - exposure, dose, capacity and response 
(Armstrong, Buckle et al., 1993). This model has recently been extended to cover low- 
back disorders as well (Kilbom, Armstrong et al., 1996). The proposed model consists 
of a set of cascading exposure, dose, capacity and response sets such that a response at 
each level can act as a dose at the next level. An example of this is an increase in 
metabolites that can increase or decrease capacity that in this instance is the ability to 
maintain concentrations of metabolites. The dynamic nature of the model means that 
the variables defined within the model are state variables. Various work exposures 
whether they be physical or psychosocial work factors may interact to produce an 
internal dose.
Another exposure-outcome model (Winkel & Mathiassen, 1994) focusing on 
mechanical or physical exposure was proposed by Scandinavian researchers suggesting 
that the acute response (physiological and psychological) may lead to an outcome like 
WMSDs. The outcome may lead to a change in an individual's internal exposure.
The essential difference between the two models is the definition for model variables. 
The Winkel and Mathiassen model defines exposure with respect to the three 
dimensions of level, duration, and frequency.
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During the last decade epidemiological studies examined physical predictors and 
individual predictors of WMSDs. Some of the studies reported an association while 
others reported such variables to be weak predictors (Winkel & Mathiassen, 1994). 
During the latter part of the last decade and the early part of this decade, researchers 
have tried to better explain the aetiology of WMSDs by measuring psychosocial work 
factors e.g. support of work colleagues, job demands, job content, control over work 
and job satisfaction (Bongers & Houtman, 1995).
At present it seems pertinent to try to better explain the aetiology of WMSDs by 
assessing both physical and psychosocial work factors and their interactions (Buckle, 
1994b; Hagberg, 1996). In other words an increased risk of injury may result for 
workers that are exposed to both physical and psychosocial work risk factors that 
biologically increase the stimuli to musculoskeletal tissues greater than being exposed 
to the sum of either physical or psychosocial risk factors independently.
Understanding the interaction of these factors may lead to the development of effective 
prevention or intervention strategies to inhibit the initial onset and subsequent 
increasing severity of work related musculoskeletal disorders (Kilbom, 1988; Norman, 
1994; Fine, 1994; Kilbom, 1994b; Buckle, 1994b; Buckle, 1995; Sjogaard, Fathallah et 
al., 1995).
1.4.1 Physical work risk factors
Exposure factors can be accurately defined with respect to a level, duration and a 
frequency of exposure (Winkel & Mathiassen, 1994). Level refers to amplitude (e.g. 
force); duration can be seconds, minutes, hour’s etc; frequency is the number of cycles 
per unit of time. Some steps have been made in this direction which indicate a great 
potential for ergonomic interventions (Kelsey, Githens et al., 1984; Silverstein, Fine et 
al., 1986; Punnett, Fine et al., 1991; Chiang, Yin-Ching et al., 1993). It is difficult to 
derive a universal definition of exposure, exposure assessment, and exposure evaluation
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(Hagberg, 1988). This is partly due to the variation of exposure encountered within 
different work domains and the absence of exposure assessment guidelines that makes 
meta-analysis very difficult.
Reviews of the existing research on ergonomics epidemiology examining the 
relationship between work variables and WMSDs show job title to be the most 
frequently adopted description of exposure (Winkel & Westgaard, 1992; Burdorf,
1992a; Burdorf, 1992b). Using job title as a surrogate will probably have a limited 
correlation with the actual exposure (Ahlbom, Axelson et al., 1990; Karlqvist, Winkel et 
al., 1994). A few studies have reported a large variation in posture among workers 
performing identical tasks (Kilbom & Persson, 1987; Harber, Bloswick et al., 1992; 
Burdorf, 1992c). Thus, a job title may consist of a wide range of job tasks, and the 
duration and distribution of these tasks may vary considerably between individuals and 
within individuals.
Therefore, assigning workers to exposure categories based upon job titles may lead to 
an incorrect assignment to an exposure category i.e. exposure misclassification. As a 
result associations between work risk factors and WMSDs can remain undetected and 
the strength of any associations can be underestimated (Rothman, 1986; Checkoway, 
Pearce et al., 1989; Stewart, Herrick et al., 1991; Armstrong, White et al., 1994).
Generic risk factors for WMSDs have been reviewed in the literature and the physical 
work factor that is strongly associated with symptoms/disorders of the low back, neck, 
shoulder and forearm/hands is heavy physical work (Viikari-Juntura, 1996b). Other 
physical work factors have been identified in the literature but are strongly associated 
with only some of these regions. The prevalence of WMSDs may be lower among 
workers without a long cumulative exposure history.
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1.4.2 Psychosocial work risk factors
The term psychosocial work risk factors has been used without appropriate definition 
and has caused confusion in defining various factors that may or may not fall within the 
scope of such a term.
Psychosocial factors-yf definition (Hagberg, Silverstein et al., 1995)
"Psychosocial factors at work are the subjective aspects as perceived by the workers 
and the managers. They often have the same names as the work organisation factors, 
but are different in that they carry 'emotional' value fo r the worker. Thus, the nature o f  
the supervision can have positive or negative psychosocial effects (emotional stress), 
while the work organisation aspects are just descriptive o f how the supervision is 
accomplished and do not carry emotional value. Psychosocial factors are the 
individual subjective perceptions o f the work organisation factors. ”
Other definitions of psychosocial work factors include any aspects of the work 
environment and the individual that contributes to the stress process (Sauter &
Swanson, 1996). However, these definitions circumvent the individual as an 
intermediary and so can also describe work organisation factors. This can only result in 
confusion in definition and comparison of studies.
The definition by Hagberg, Silverstein et al. (1995) is preferred by others (Carayon, 
1996) and will be used for this thesis. An example of a psychosocial work factor is 
psychological workload and has been used in some studies (Johansson & Rubenowitz, 
1994; Johansson & Nonas, 1994; Johansson, Rubenowitz et al., 1995). This 
psychosocial factor in these studies has included dimensions of stress at work, 
workload, extent of feeling tired and exhausted after work, possibility of relaxing and 
having a break and mental strain. The definition includes exposure and effects of 
psychological workload that creates confusion when determining aetiology.
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Unlike physical work factors, quantitative exposure to psychosocial factors has not been 
conducted because definitions of level, duration, and frequency are very difficult to 
operationalise from an abstract concept. Such a model may not be appropriate to 
describe psychosocial work factors (Buckle, 1996a). The temporal dimensions of 
psychosocial work factors have been suggested as being important from research into 
WMSDs and computer use (Carayon, 1996).
The potential importance of psychosocial work factors has been modelled in relation to 
stress theory (Cox, 1993). The most predominant models used in the study of WMSDs 
are the interaction models of stress where the characteristics of a person's interaction 
with the work environment are focused upon (Cox, 1993). Such models are the person 
x environment fit model (French, Caplan et al., 1982) and the job demands x job 
decision latitude model (Karasek, 1979).
The person x environment fit model identified the degree to which an employee's 
attitudes and abilities meet the demands of the job; the extent to which the job 
environment meets workers' needs, and the extent to which skills and knowledge are 
utilised in the work system. The hypothesis is that any mismatch between the criteria in 
the model will increase stress levels. Researchers who developed the National Institute 
of Occupational Safety and Health (NIOSH) Job Stress Instrument (Hurrell &
McLaney, 1988) have readily accepted this model. This model has been criticised by 
some (Edwards & Cooper, 1990).
The job demands x job decision latitude model identifies an interaction between work 
demand variables and job decision latitude suggesting that workers with high perceived 
work demands and low decision latitude were more likely to report poor health and low 
satisfaction. Social support was later added to the job demands x job decision latitude 
model (Karasek, Triantis et al., 1982; Karasek & Theorell, 1990). This model has been
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the main impetus for research into the work related psychosocial factors and WMSDs in 
Europe and Scandinavia. Various researchers have disputed the claim that job demands 
and job decision latitude interacts multiplicatively but may interact additively 
(McLaney & Hurrell, 1988; Kasl, 1989; Warr, 1990; Carayon, 1993). However, the 
type of interaction is secondary to the fact that the factors used in the Karasek model are 
important determinants of the effects of work on health and should not be ignored in 
any study (Cox, 1993).
A literature review on psychosocial work factors and musculoskeletal disease showed 
that psychosocial factors at work (job demands modified by job control and social 
support) might be influenced by individual coping capacity that may predict stress. 
Work related stress may, in turn, be related to musculoskeletal symptoms of the low- 
back, neck, and upper limbs (Bongers, de Winter et al., 1993). No studies in the review 
had analysed the effects of demands, control and support together.
There are other models focusing on psychosocial factors and WMSDs (Swanson & 
Sauter, 1994; Lim, 1995). These models share the same view that psychosocial factors 
can induce psychological stress, which may then directly influence "ergonomic factors" 
such as repetition, posture, and force from which excessive exposure can lead to 
musculoskeletal symptoms. These models also share the argument that the 
psychological stress can directly influence the onset of musculoskeletal symptoms. One 
study provided support for this argument showing in a field study of 129 computer users 
that psychological stress (measured as anxiety) is a significant predictor of upper 
extremity musculoskeletal disorders (Lim, 1995). Other models show another pathway 
linking psychological stress to neuromuscular tension that can result in musculoskeletal 
pain (Bongers, de Winter et al., 1993; Swanson & Sauter, 1994). There is contentious 
evidence supporting this neuromuscular tension pathway (Westgaard, 1996). 
Psychosocial factors may also affect awareness and reporting of musculoskeletal 
symptoms and/or perceptions of their cause (Putz-Anderson, Bernard et al., 1997).
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Mechanisms supporting the relationship between demands, support and control have 
been discussed elsewhere (Theorell, 1992; Theorell, 1996).
1.5 Summary points
Work related musculoskeletal disorders (WMSDs) cover pathologies of the back, neck, 
shoulders, forearms, wrists and hands which exhibit a multifactorial aetiology with 
work related factors contributing significantly to causation. WMSDs can be classified 
into disorders with clear signs forming a diagnosis and into disorders that do not exhibit 
any clear or well-defined signs upon physical examination. The latter type of is more 
prevalent in industry relative to diagnosable WMSDs.
The mechanisms involved in pain are becoming more clear and are partly dependent on 
the time course of the pain experience that can initiate a feedback loop of increasing 
perceived pain sensitisation and may alter cognitive, affective and behavioural 
responses to pain. It is hypothesised that ergonomic interventions stand a greater 
chance of success when interventions are administered before or at the early onset of 
WMSDs. Early onset of WMSDs could be conceptualised as symptoms of pain and 
discomfort and the assessment of this outcome is important for ergonomic interventions.
A conceptual model exists that describes the dynamic state of physical and psychosocial 
work exposures into some “internal dose” that affects the body’s capacities to deal with 
subsequent doses (Armstrong, Buckle et al., 1993; Kilbom, Armstrong et al., 1996). 
Physical work exposures that are characterised by some amplitude, frequency and 
duration are needed to clarify the aetiology of WMSDs and psychosocial work 
exposures need to be better defined and conceptualised.
Physical and psychosocial work risk factors in isolation have had limited success in 
explaining aetiologic relationships between work risk factors and WMSDs. The future
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should be turned towards investigating combinations of these exposures and their 
interactions in the workplace and associated effects with WMSDs.
The following section critically reviews the literature that identifies psychosocial work 
risk factors and quantified physical work risk factors as determinants of work related 
musculoskeletal disorders of the back, neck and shoulders and the hands/wrists. The 
review leads onto a formalisation of the research aims.
22
CHAPTER 2 
LITERATURE REVIEW
2.1 Epidemiology of work related musculoskeletal disorders (WMSDs)
This review aimed to establish from the epidemiological literature physical and 
psychosocial work factors that may increase the risk of WMSDs. Criteria were required 
that could classify individuals into low and high physical and psychosocial exposure 
groups. Quantified exposure measures were required for physical work risk factors with 
respect to a level, frequency or duration (Winkel & Mathiassen, 1994). Qualitative 
exposure measures for psychosocial work risk factors sufficed.
Studies in epidemiology can have two concerns. Studies can be concerned with the
9  • 9outcomes of disease or can be orientated towards the exposures possibly associated 
with the outcome of a disease. With respect to WMSDs ergonomic epidemiological 
studies investigate the effects of workplace exposures on the frequency and distribution 
of WMSDs within a workforce and to recommend remedial strategies where 
appropriate.
Epidemiological data are very important for estimating future projections of risk 
associated with a particular type of exposure. Studying exposures and outcomes 
provides the necessary information required to set exposure standards or guidelines in 
order to reduce the risk to "acceptable levels". Future projection and risk extrapolation 
are usually termed risk assessment.
Regulatory agencies rely heavily on epidemiological data when proposing occupational 
and non-occupational exposure limits. Predictions of future occurrence of disease in 
exposed workers and the attribution of risk provide important data in litigation cases. 
The ability to make a decision whether an exposure(s) causes the disorder(s) can seldom 
be answered conclusively. Instead a tentative answer is used for making such a
2The response that may stem from exposure to a causal factor (Last, 1982)
3Exposure refers to the cause of a disease or a health state or possesses a 
characteristic that is a determinant of the health outcome of interest (Last,
1982).
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decision. Epidemiological studies can also provide useful data for formulating 
hypotheses and directing research into pathological mechanisms (Buckle, 1988).
Judgements about an epidemiological study are influenced by such factors as the 
adequacy of the design, the size of the study, the amount and precision of outcome and 
exposure data and the appropriateness of the methods used in the data analysis.
2.1.1 Review criteria
The review and critique reports epidemiological studies (up to early 1996) concerned 
with WMSDs of the low back, the neck and shoulders and upper limbs. The section 
entitled general musculoskeletal research refers to studies concerned both with the low 
back and the neck and upper limbs. Studies investigating physical work factors were 
considered first under each musculoskeletal region followed by psychosocial work 
factors. Finally, studies investigating both physical work factors and psychosocial work 
factors were then reviewed under each musculoskeletal region. The papers presented in 
this literature review were obtained from Medline, Psychlit and Ergonomic Abstracts 
databases; review papers and reference sections. The following criteria had to be 
satisfied in order for a study to be included in the review but apply to sections before 
section 2.4 only:
•  Any description pertaining to psychosocial work factors must be accurately defined
• A measure o f risk must be calculated* (odds ratios, prevalence rate ratio, relative 
risk ratios)
•  Methodological issues covering the study design, selection o f occupational 
populations and reference groups, and bias effects must be reported.
• Work exposures that result in an insidious onset o f a WMSD are included and not 
through the action o f a slip, trip or fall.
4 See section 2.9.1 for a description of the odds ratio
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2.2. Reviews of the literature on physical work risk factors
2.2.1 Back disorders
Researchers have examined the literature for work related and individual risk factors for 
back pain (Andersson, 1981; Frymoyer, Pope et al., 1983; Seidel & Heide, 1986; 
Hildebrandt, 1987; Kelsey & Golden, 1988; Pope, 1989; Garg & Moore, 1992;
Skovron, 1992; Burdorf, 1992a; Riihimaki, 1995). Presented in table 1 are the most 
comprehensive journal review papers written on back pain since 1991 (Riihimaki, 1991; 
Garg & Moore, 1992; Burdorf, 1992a). Heavy physical work especially lifting and 
whole body vibration were the most consistent work factors reported to be associated 
with back disorders.
The extent to which these reviews reported psychosocial work factors was limited to 
monotonous work and job dissatisfaction. Two review papers were not included 
because they were not journal or thesis publications (Pope, Andersson et al., 1991; 
Riihimaki, 1995).
Riihimaki (1991) considered work related and individual risk factors for low-back pain. 
The distinction between heavy physical work and lifting, carrying, pushing and pulling 
was not made clear but both were suggested to be work related risk factors. Twisting, 
bending and other non-neutral trunk postures have been shown to be associated with 
back disorders but in many studies it has been difficult to isolate lifting and postural 
load so the independent effect of postural load was not clear. More convincing 
evidence has shown that whole body vibration in a seated posture was a risk factor. 
There was insufficient evidence to prove a relationship between sitting and low-back 
disorders. The ability to distinguish which work factors were antecedents and which 
work factors acted to exacerbate symptoms was not possible from the studies reviewed. 
This review also included papers that did not find associations between work-related 
factors and low-back pain.
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Garg & Moore (1992) reported that heavy physical work and lifting were strongly 
associated with low-back pain. Lifting combined with bending and twisting was 
believed to increase the risk of injury. Bending, stretching and reaching was not 
reported to be a risk factor independent of lifting. However, sustained bent-over 
postures, sitting or standing may be associated with an increased risk of low-back pain. 
Vibration was clearly a risk factor. Traumatic accidents were also included as a 
potential risk factor. This review did not cite studies that did not show an association 
between work-related risk factors and low-back pain.
One review paper (Burdorf, 1992a) in a published thesis contained relatively few 
occupational risk factors for low back pain because the review considered only 
epidemiological studies on occupational populations that reported a measure of risk. 
Sixteen papers were reviewed as a consequence of meeting the acceptance criteria. Risk 
ratios greater than two were reported for lifting, whole body vibration, trunk flexion and 
rotation, postural load on the back and standing. The number of studies reporting a 
measure of risk for individual risk factors was relatively small in relation to the size of 
the epidemiological literature on low-back disorders.
2.2.2 Neck and upper limb disorders
Table 2 shows papers (and not books) that reviewed work risk factors associated with 
neck and upper limb disorders since 1991 and onwards (Stock, 1991; Gerr, Letz et al., 
1991; Winkel & Westgaard, 1992; Sommerich, McGlothlin et al., 1993; Hagberg,
1996). Review papers from previous years were not included in this literature review 
(Hagberg, 1984; Seidel & Heide, 1986; Wallace & Buckle, 1987; Hagberg & Wegman, 
1987). Two review papers written in 1994 were excluded because one focused on 
research studies that reported a quantified measure of repetitive work only and 
associated outcomes of disease (Kilbom, 1994c), and the other reported only 
neuropathies of the upper limbs and work related risk factors (Buckle, 1994a). Two 
other review papers were also excluded because work related risk factors for carpal 
tunnel syndrome were only considered (Hagberg, Morgenstem et al., 1992; Moore,
1992). Another review that examined the work relatedness of musculoskeletal disorders 
(Vender, Kasdan et al., 1995) was excluded because standard criteria for causality were
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not used for evaluating studies (Silverstein, Armstrong et al., 1996). Reviews of 
WMSDs for specific occupational groups were also excluded (Carter & Banister, 1994; 
Ong, Chia et al., 1995).
Stock (1991) conducted a meta-analysis of 54 potential studies examining the 
relationship between ergonomic factors and neck and upper limb musculoskeletal 
disorders. Three studies met the inclusion criteria. Studies were selected on the 
following basis:
•  Exposure had to be operationally defined with respect to force, static loading, and/or 
joint position.
•  Outcomes had to include one or more neck and upper limb musculoskeletal 
diagnostic entities measured by well-defined criteria fo r  assessment.
Papers using pain symptoms for outcomes were not included in the meta-analysis. 
Assessments of causality were made with respect to temporal relationships, strength of 
associations, dose-response relationships and the ruling out of competing plausible 
hypotheses. The meta-analysis considered those studies identifying force and 
repetition. Suggestions were that ergonomic factors like specific movements, postures, 
vibration, and cold temperatures might be associated with musculoskeletal discomfort in 
the neck and upper limbs as shown by papers excluded from the meta-analysis. 
Cumulative exposure to force and repetition may result in more serious and clinically 
diagnosable diseases e.g. carpal tunnel syndrome.
Gerr, Letz et al. (1991) described the terminology used for upper extremity 
musculoskeletal disorders and claimed that the definitions used to describe the 
aforementioned (cumulative trauma disorder, repetitive strain injury, occupational 
cervicobrachial disorder and overuse syndrome) were not synonymous as revealed by a 
critical literature review. Epidemiological evidence of work relatedness for well- 
defined disorders was reviewed such as carpal tunnel syndrome, tendinitis and hand- 
arm vibration syndrome. Sufficient evidence existed to suggest that force, repetition 
and vibration were aetiologic factors for soft-tissue disorders of the upper extremities. 
The work relatedness of poorly defined upper extremity musculoskeletal disorders was
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also reviewed. The conclusions were that well-conducted studies that used well-defined 
objective measures of exposure and outcome were required to describe exposure- 
outcome relationships. Inadequate evidence existed from the reviewed papers to 
suggest an aetiologic contribution from occupational factors to the onset of upper 
extremity disorders without well defined diagnostics. However, the findings from this 
literature review were contrary to a more recent review (Hagberg, Silverstein et al., 
1995) not described here because it was not a periodical publication.
Sommerich, McGlothlin et al. (1993) examined occupational risk factors associated 
with shoulder disorders classified under conditions of the tendons, muscles, nerves or 
neurovascular system. Epidemiological studies were examined with respect to 
causality, case definition, and definition of exposure. A number of ergonomic strategies 
were recommended to reduce risks by reducing exposure to physical work factors.
Winkel & Westgaard (1992) reviewed the scientific literature on shoulder-neck 
complaints and associated occupational and individual risk factors. Occupational 
groups from 15 studies were classified into low, medium, and high physical exposure 
based upon electromyographic data collected from the trapezius muscle. It was 
proposed that occupational groups falling into the lowest exposure level may have a 
higher relative risk of shoulder-neck disorders than those falling into the medium 
exposure group. Occupational groups in the highest exposure group may have the 
highest relative risk of shoulder-neck disorders. Figure 4 shows the proposed 
relationship between exposure and effect showing a J-curved relationship.
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Figure 4 Suggested exposure-effect relationship for physical exposures. Redrawn from Winkel and 
Westgaard (1992).
EFFECT
Relative A 
Risk
More disorders
RR>1.0
RR=1.0
EXPOSURE
1.0>RR>0
More Healthy
The lowest exposure groups include seated work. The medium exposure level group 
corresponded to work with elevated shoulders, upper arm, and neck movements. The 
high exposure group corresponded to work requiring exertion of large forces in the 
shoulder-neck region. The lowest exposure group may have a higher relative risk than 
the medium exposure group due to the differences in duration of static contractions 
between the two groups. Low static forces maintained for a long period of time may be 
more detrimental than higher static forces maintained over a much shorter duration with 
relaxation periods between periods of exposure. In the high exposure group the very 
high peak level of exposure (60% of maximum voluntary contraction) seemed to 
increase the risk significantly in previous studies.
This review was conducted to form the scientific foundation of a set of guidelines for 
reducing the risk of shoulder-neck disorders. The review paper highlighted the fact that 
a clear description of the exposure-effect relationship for each of the occupational risk 
factors and interaction effects between risk factors was required to form quantitative
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data. Simply identifying risk factors, e.g. manual material handling, does not provide 
the information required for future prevention of shoulder-neck disorders.
Hagberg (1996) reviewed the characteristics of non-specific musculoskeletal pain in the 
neck and shoulders and described risk factors for work related neck and arm disorders. 
The point was made that interaction between different risk factors is not understood and 
there is not enough data at present to set accurate exposure limits for different WMSD 
outcomes. The handling of loads on symptoms of the neck and arms is under 
researched. Psychological factors and social factors are more strongly associated with 
back pain than shoulder pain, and associations are stronger for non-specific pain than 
for diagnosable pain syndromes.
2.3 The epidemiological research
2.3.1 Epidemiological research on back disorders measuring physical risk factors 
See tables 3 through 5 in section 2.6
Punnett, Fine et al. (1991) discovered the existence of an exposure-response relationship 
between trunk posture and back disorders. Additionally, exposure to mild flexion (21- 
45 degrees) and trunk twisting (defined dichotomously) produced an odds ratio of 7.4 
(95% Cl 1.8-29.4) relative to no exposure to any non-neutral trunk posture. The odds 
ratios was greatest for this combination of postures compared with a combination of 
forward flexion postures only or a combination of different flexed postures and trunk 
twisting (also included lateral bending).
Admittedly, only 20 subjects (3 cases 17 referents) of the 219 automobile assembly 
workers were unexposed to all of the non-neutral postures which was used for the 
reference group for all calculations of risk. The odds of experiencing the outcome in 
this group may not be representative of the true odds. This may explain the very wide 
confidence intervals. A definition of the cycle time in minutes or seconds was not 
presented in this paper (due to data sensitivity most probably) and so the data were 
limited in being applied as exposure criteria in other studies. The findings in the 
physical examination appeared to be correlated with recent and severe back episodes
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rather than lifetime episodes of back disorders. It was stated that “Back pain is actually 
a continuous outcome rather than a dichotomous one and that the identification of onset 
or incidence of a back disorder is problematic both conceptually and operationally”.
Walsh, Vames et al. (1989) reported relative risk ratios of low-back pain for 
occupational activities that were quantified for walking or standing, sitting, driving and 
lifting. The use of vibrating machinery was assessed dichotomously (yes/no). There 
was an increased risk of back disorders associated with lifting or moving greater than 25 
kg and driving a car for more than 4 hours per day. The 95% confidence intervals were 
greater than one for men and women lifting and for men driving only. Walking and 
standing greater than 2 hours per day, sitting for more than 2 hours per day, driving a 
tractor or digger and using vibrating machinery did not have 95% confidence intervals 
greater than one. Considering only symptoms of unremitting low back pain as the 
outcome, the odds ratio was 5.3 (95% Cl 1.3-20.9) for lifting or moving greater than 25 
kg for men. Unremitting back pain was defined as the longest pain free interval less 
than 30 days.
Nuwayhid, Stewart et al. (1993) found in a study of fire fighters that lifting greater than 
18 kg was associated with the first time onset of low back pain. Other risk factors 
associated with lifting and manual handling were also associated with the outcome such 
as climbing ladders and breaking windows etc. These risk factors were not included in 
the table as they were not generalised findings. The study findings also supported a 
short-term latency period between exposure and the onset of pain.
Bongers, Hulshof et al. (1990) studied the vibration level and duration on the effects of 
self-reported back disorders in helicopter pilots and non-flying officers. The occurrence 
of back disorders of a transient nature was associated with the duration of a particular 
flight and increased as daily exposure time increased. The data also supported the 
hypothesis that transient pain may progress to persistent pain with continued exposure 
to helicopter flight conditions. Transient back pain was characterised by pain lasting 
several hours and that varies from day to day. A cumulative vibration exposure response 
was also associated with sciatica. The units for vibration dose represented the estimated 
level of acceleration (m/s2) for a total flight time (hours).
32
Bovenzi & Zadini (1992) showed elevated odds ratios for different symptom definitions 
of low-back pain for bus drivers compared to vehicle maintenance workers in a cross- 
sectional study. Symptoms in the last 7 days, past 12 months and lifetime were assessed 
besides others. Definitions of back pain symptoms also included long lasting back pain 
in previous 12 months greater than 30 days. By this definition bus drivers were 
approximately 2.5 times more likely to experience this outcome compared to vehicle 
maintenance workers. There was an increasing trend in the prevalence of most low 
back pain definitions with increasing total vibration dose. After excluding subjects who 
had previous high risk jobs for low-back pain, associations between vibration dose and 
low-back symptoms were still present.
Pietri, Leclerc et al. (1992) performed a cross-sectional study and a longitudinal study 
with a one-year follow up. In the cross-sectional study, occupational risk factors 
associated with low-back pain were the time spent driving per week, comfort of the car 
seat, carrying loads, and standing. Quantitative exposure was reported only for the time 
spent driving per week. The consistency of car driving as a risk factor for low-back pain 
in both the cross-sectional study (suggesting association) and the longitudinal study 
(suggesting time order) inferred that car driving for 20-24 hours per week was a 
determinant possibly implicated in causation.
Bovenzi & Betta (1994) quantified cumulative exposure to vibration for tractor drivers 
and used office workers as a control group. Postural load was also associated with low- 
back pain symptoms in tractor drivers and office workers. However, exposure was 
quantified by self-report using grades of postural load (mild, moderate, hard, and very 
hard) and not by postural angle. The prevalence of the cumulative lifetime occurrence 
of low-back pain and the period prevalence of several types of low-back pain symptoms 
were greater in tractor drivers compared to office workers. An exposure-response 
relationship was shown for years of exposure to whole body vibration and sciatic pain 
for tractor drivers compared with the controls. Tractor drivers with excessive exposure 
to whole body vibration and postural load had greater than 3 times the risk of chronic 
low back pain compared to the unexposed group. Additionally previous back trauma or 
accidents were strongly related to all types of back symptoms investigated.
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Kelsey & Hardy (1975) showed in a case-control study that male truck drivers were five 
times at greater risk of developing an acute herniated lumbar disc than males who were 
not truck drivers. Comparing cases to matched controls (matched for age and sex), a 
male who ever had a job in which he sat for greater than or equal to half of the time 
driving was approximately at twice the risk of an acute herniated lumbar disc (not 
shown in table 4b). The result was similar in cases and unmatched controls. The 
classification of cases and controls was based upon surgical records and signs and 
symptoms of sciatic nerve root impingement.
Kelsey, Githens et al. (1984) provided the only occupational data where all three 
dimensions of exposure (level, frequency, and duration) were reported for a single risk 
factor - lifting. Exposure to lifting increased the risk by a factor of three for an acute 
prolapsed lumbar intervertebral disc. If the body was usually twisted while lifting was 
performed the risk was elevated even with less frequent lifting. Lifting objects 
weighing less than 11.3 kg or twisting without lifting was not associated with an 
increase in risk. The odds ratio for lifting while twisting the body with the knees 
straight was 6.1 (95% Cl 1.3-27.9) and the odds ratio for lifting while twisting the body 
with knees bent was 2.7 (95% Cl 0.9-7.9). This suggested that there was an increased 
risk of injury irrespective of knee posture when lifting and twisting were performed 
simultaneously. Sedentary work tasks were not found to increase the risk of acute 
prolapsed intervertebral disc in this study.
Interviews regarding physical work factors were conducted after the classification of 
outcome status for cases and controls. Additionally, interviewers may not have been 
blinded to the case/control status. This methodology may have introduced differential 
misclassification of exposure that could have underestimated or overestimated the risk 
relationship between exposure and outcome (Checkoway, Pearce et al., 1989).
Venning, Walter et al. (1987) studied a cohort for a period of 12 months and observed 
that nurses who lifted patients weighing greater than 10 kg at least once per day were at 
twice the risk of back injury or discomfort compared to nurses who performed the task 
less than once a day, lifted less than 10 kg or did not perform lifting. The outcome
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definition referred to a strain or overexertion injury. It was assumed that injuries to the 
back from slipping and tripping were not included. The factors that were significantly 
associated with the incidence of reported injury during the 12-month follow up were 
lifting, service area, job category and previous history of low back complaints.
The following epidemiological studies were excluded for not meeting the inclusion 
criteria (Magora, 1970a; Magora, 1970b; Magora, 1972; Magora, 1973; Wickstrom, 
Hanninen et al., 1978; Svensson & Andersson, 1983; Damkot, Pope et al., 1984; 
Videman, Nurminen et al., 1984; Wickstrom, Niskanen et al., 1985; Gilad & 
Kirshenbaum, 1986; Heliovaara, 1987; Bendstrup & Biering-Sorensen, 1987; Svensson 
& Andersson, 1989; Ryden, Molgaard et al., 1989; Riihimaki, Tola et al., 1989; Estryn- 
Behar, Kaminski et al., 1990; Bongers, Hulshof et al., 1990; Boshuizen, Bongers et al., 
1990; Burdorf & Zondervan, 1990; Burdorf, Govaert et al., 1991; Johanning, 1991; 
Waersted & Westgaard, 1991; Clemmer, Mohr et al., 1991; Burdorf, Naaktgeboren et 
al., 1993; Zwerling, Ryan et al., 1993; Mundt, Kelsey et al., 1993; Riihimaki, Viikari- 
Juntura et al., 1994; Schoenmarklin, Marras et al., 1994; Marras, Lavender et al., 1995; 
Videman, Sama et al., 1995; Laubli, Stahell Hamurkaroglu et al., 1995; Smedley, Egger 
et al., 1995; Toroptsova, Benevolenskaya et al., 1995; Porter & Gyi, 1995; Manninen, 
Riihimaki et al., 1995; Knibbe & Friele, 1996; Heuer, Klimmer et al., 1996;
Magnusson, Pope et al., 1996).
2.3.1.1 Summary of the epidemiology for back disorders and physical work factors 
The vast majority of research papers that investigated physical work risk factors 
associated with back disorders have not provided quantified data with respect to a 
numeric representation of a level, frequency or duration. An exposure-response 
relationship has been demonstrated for postural load (Punnett, Fine et al., 1991) and 
whole body vibration (Bovenzi & Zadini, 1992; Bovenzi & Betta, 1994) for different 
back disorder definitions. Exposure to whole body vibration while sitting for greater 
than or equal to half the day was associated with back disorders (Kelsey & Hardy, 1975; 
Walsh, Vames et al., 1989; Pietri-Taleb, Riihimaki et al., 1995). An increased risk of 
back disorders was also associated with lifting greater than 11.3 kg more than 25 times 
during the working day (Kelsey, Githens et al., 1984). Venning, Walter et al. (1987)
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reported for a nursing population a similar lifting level of 10 kg but a lower frequency 
of at least once during the day compared to the study by Kelsey, Githens et al. (1984).
2.3.2 Epidemiological research on neck and upper limb disorders measuring physical 
risk factors
See tables 6 through 8 in section 2.6
Chiang, Yin-Ching et al. (1993) showed that fish-processing workers were 1.8 times 
more at risk when exposed to hand/wrist forces greater than 3 kg. Exposure to 
repetitive tasks also had an increased risk of 1.6 when the work cycle was less than 30 
seconds or greater than 50% of the fundamental cycle time. For workers experiencing 
both high force and high repetitiveness the odds ratio was only 1.4 (95% Cl 1.0-2.0). 
The prevalence of symptoms for the shoulder girdle was higher in this group than the 
high force only or high repetition only groups. A significant exposure-response 
relationship was established between the magnitude of risk factors and the occurrence 
of shoulder and upper limb disorders among workers with short-term exposure (less 
than 12 months). The odds ratio (OR 1.4) for the combined effect of force and 
repetition might be underestimated due to the few subjects exposed to both work factors 
(N=28) compared to the number of subjects exposed to one work factor (N=l 18).
The prevalence of carpal tunnel syndrome and epicondylitis was observed as well as 
shoulder girdle discomfort. The prevalence of shoulder girdle pain was twice as great 
as epicondylitis or carpal tunnel syndrome. It was stated that biases may have resulted 
using various examination methods for the identification of epicondylitis or carpal 
tunnel syndrome and it was suggested that it may be more appropriate to use pain or 
discomfort in epidemiological surveys so that potential disorders can be screened in the 
early stages. Additionally, the much lower prevalence of epicondylitis or carpal tunnel 
syndrome meant that a very large study population would be needed to provide 
sufficient power in the study, otherwise, a masked effect may result.
Stenlund (1992) reported an increased risk of developing osteoarthrosis in the shoulder 
(acromioclavicular) joint as a result of cumulative exposure measured in years for 
manual handling and the cumulative sum of the load lifted. The number of years of
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exposure to vibration alone was a weaker risk factor but vibration was always 
associated with manual handling work. An exposure- response relationship was 
demonstrated for increasing years of manual work and the risk of osteoarthrosis.
Silverstein, Fine et al. (1986) originally separated exposure groups into low force-low 
repetitive exposure, high force-low repetitive exposure, low force-high repetitive 
exposure and high force-high repetitive exposure. Workers in the low force-low 
repetition category served as a reference population. The study uncovered an 
interaction effect when workers were exposed to both high force and high repetition 
compared to being exposed to the relatively independent exposure effects i.e. high force 
-  low repetition, low force -  high repetition. There was considerable variation within 
jobs especially with respect to hand/wrist posture. Individuals performing the same job 
may have belonged in different exposure categories. It was considered highly 
improbable that misclassification occurred between the low force - low repetition 
exposure group (the comparison or reference group) and the high force-high repetition 
exposure group.
A follow up study 3 years later (Silverstein, Fine et al., 1987) showed that the high force 
and low repetition exposure group predicted a ten-fold increase in risk for carpal tunnel 
syndrome relative to the low force-low repetition exposure group. The high force and 
high repetition group predicted a nine-fold increase in risk relative to the low force and 
low repetition group. A survivor bias was present in the high force and high repetition 
group, thus, resulting in an underestimation of the true relative risk. The follow-up data 
were not shown in the tables.
Bovenzi, Zadini et al. (1991) showed using a cross-sectional study design of the neck 
and upper limbs that daily vibration exposure using hand tools expressed as four hour 
energy equivalent acceleration increased the odds ratio for pain at any site in the 
aforementioned regions in forestry workers relative to controls. This study assessed 
other potential work risk factors such as posture, force and repetition for each exposure 
group but not for individual workers.
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The following papers did not satisfy the inclusion criteria (Bjelle, Hagberg et al., 1981; 
Herberts, Kadefors et al., 1981; Punnett, Robins et al., 1985; Bjelle, Hagberg et al.,
1987; Dimberg, 1987; Feldman, Travers et al., 1987; Tola, Riihimaki et al., 1988; 
Jonsson, Persson et a l, 1988; Ohlsson, Attewell et al., 1989; de Krom, Knipschild et al., 
1990; Viikari-Juntura, Vuori et al., 1991; Kurppa, Viikari-Juntura et al., 1991; 
Westgaard & Jansen, 1992b; Andersen & Gaardboe, 1993a; Andersen & Gaardboe, 
1993b; Moore & Garg, 1994; Viikari-Juntura, Riihimaki et al., 1994; Bovenzi, 1994; 
Ritz, 1995; Schibye, Skov et al., 1995; English, Maclaren et al., 1995; Punnett, 1996).
2.3.2.1 Summary of epidemiological studies for neck and upper limb disorders and 
physical work factors
The majority of studies on physical work factors and neck and upper limb disorders did 
not provide a quantified measure of physical exposure. Quantified physical exposure 
data has been reported for the hand/wrists and the neck and shoulders. Exerting hand 
forces greater than 4 kg less than every 30 seconds increased the risk by a factor of 29 
compared to not being exposed to either factor (Silverstein, Fine et al., 1986). A slight 
increase in risk was observed in a study with less power using similar exposure criteria 
(Chiang, Yin-Ching et al., 1993). Cumulative exposure to lifting, vibration and manual 
work increased the risk of shoulder osteoarthrosis (Stenlund, 1992). Working with hand 
tools on a daily basis for greater than four hours when exposed to vibration 
accelerations greater than 7 m/s2 increased the risk in the neck, shoulders and upper 
limbs (Bovenzi, Zadini et al., 1991).
2.3.3 Epidemiological research on general WMSDs measuring physical risk factors 
See table 9 in section 2.6
No journal paper has reviewed work risk factors for WMSDs of the low back, and the 
neck and upper limbs. Some researchers have studied occupational work factors 
associated with musculoskeletal disorders in general that cover the low back, neck, 
shoulders and the upper limbs.
Rossignol, Morse et al. (1987) reported in a cross-sectional study of clerical workers 
exposed to different amounts of visual display unit (VDU) work that daily use of a
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VDU for 7 or more hours increased the risk of experiencing musculoskeletal conditions. 
The reference group consisted of clerical workers who did not perform VDU work. 
Respondents were defined as experiencing a musculoskeletal condition if they had 
experienced pain, stiffness or soreness in the neck, low back, upper back, arm, wrists or 
hands approximately 4 times or more a week in the last 2 months or had missed work 
because of the condition(s). Neck trouble was the most prevalent compared to the other 
musculoskeletal regions for all categories of the duration of VDU work. The lowest 
prevalence surprisingly out of the pain, stiffness and soreness conditions was the hands, 
fingers and wrists.
Torgen, Alfredsson et al. (1995) reported that lifting greater than 15 kg more than one 
day per week and working with hands below knee level for 2 hours per day more than 
one day per week were related to an increased prevalence of symptoms of low-back 
pain. Physical signs of tenderness in a clinical examination were also associated with 
lifting but not with hands below knee level. Working with hands above shoulder level 
30 minutes per day more than one day per week was associated with an increased risk 
of shoulder symptoms in men only. Palpation tenderness of the rotator cuff was also 
associated with the same work exposure for men and woman. Visual display screen use 
for forty percent of the workday was not significantly associated with symptoms in the 
shoulder region or with the clinical diagnostic tests.
The following epidemiological studies were excluded for not meeting the inclusion 
criteria (Vihma, Nurminen et al., 1982; Wells, Zipp et al., 1983; Oxenburgh, 1984; 
Punnett, Robins et al., 1985; Sakakibara, Miyao et al., 1987; Tola, Riihimaki et al.,
1988; Berg, Sanden et al., 1988; Jonsson, Persson et al., 1988; Ohlsson, Attewell et al., 
1989; Dimberg, Olafsson et al., 1989; Brisson, Vinet et al., 1989; Estryn-Behar, 
Kaminski et al., 1990; Makela, Heliovaara et al., 1991; Feuerstein & Fitzgerald, 1992; 
Westgaard & Jansen, 1992b; Christensen, Pedersen et al., 1995).
2.3.3.1 Summary of epidemiological studies for general WMSDs and physical work 
factors
Only two studies out of those reviewed provided quantified data for physical work 
exposure in relation to general musculoskeletal disorders (Rossignol, Morse et al., 1987;
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Torgen, Alfredsson et al., 1995). Lifting greater than 15 kg more than one day per 
week was associated with an increased prevalence of low-back pain (Torgen, 
Alfredsson et al., 1995). This measure does not present any indication of how frequent 
the load was lifted in that day. Working on a VDU for greater than 7 hours a day was 
associated with an increased risk of experiencing WMSDs (Rossignol, Morse et al., 
1987).
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2.4 Reviews of the literature on psychosocial work risk factors
The literature on psychosocial work factors and associations with WMSDs is less 
extensive than the physical work factor literature and many questions still exist as to 
how psychosocial work factors can influence the reporting and development of 
WMSDs.
A comprehensive review of psychosocial factors and associations between 
musculoskeletal outcomes has been conducted (Bongers, de Winter et al., 1993). The 
relationships between psychosocial work factors and the study of symptoms of the back, 
neck/shoulder region and the general musculoskeletal system were discussed separately. 
The reviewed studies did not provide conclusive evidence that psychosocial work 
factors predicted WMSDs partly due to the inability to accurately distinguish between 
psychosocial and physical work factors and also due to exposure measurement 
difficulties for both physical and psychosocial factors.
Monotonous work, high perceived workload and time pressure were associated with 
WMSDs across different regions of the musculoskeletal system. Stronger relationships 
between these psychosocial factors and WMSDs were present when there was low 
control on the job and a lack of social support by work colleagues. Perceived stress 
may be a moderating variable in the aetiologic pathway.
A later review (Bongers & Houtman, 1995) of psychosocial work factors and the 
relations to WMSDs showed that psychosocial work factors were categorised by the job 
demands x job decision latitude model (Karasek, 1979; Karasek & Theorell, 1990). 
Psychological demands such as time pressure, monotonous work and also perceived 
stress appeared to increase the risk for pain symptoms in the back, neck or shoulders. 
The relationships also appear to be more prominent in blue-collar workers than in 
white-collar workers. Intellectual discretion and social support increased the perception 
of musculoskeletal symptoms when combined with high psychosocial demands.
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Contradictory evidence existed regarding poor job satisfaction as a predictor for work 
related musculoskeletal disorders. In the literature job satisfaction was considered to be 
a psychosocial variable. However, job satisfaction should not be considered an 
exposure but rather a moderating variable like stress that may alter the reporting of 
WMSDs after the first incidence (Bongers & Houtman, 1995).
2.4.1 Epidemiological research on back disorders measuring psychosocial risk factors 
See table 10 in section 2.6
Bigos, Battie et al. (1991) showed that job satisfaction was the best predictor of reported 
back pain in a 4 year cohort of 3020 aircraft employees (RR 1.7 95% Cl 1.31-2.21). 
Social support with peers was a weaker predictor of back complaints in the study and a 
measure of risk was not reported for this variable. Maximum lumbosacral compression 
forces were estimated using a static biomechanical model and was not found to be a 
predictor. Interestingly, subjects with a previous history of back injury and who 
reported low job satisfaction had a higher relative risk than those without a prior back 
injury (RR 1.85 compared to RR 1.53 respectively).
However, there were a number of problems with this study. The study group mainly 
consisted of tasks not requiring extreme physical demands. Additionally, psychosocial 
and psychological factors were measured at the individual level and physical exposure 
was measured at the group level only using a biomechanical model. The different 
measurement strategies may have led to increased misclassification error for the 
physical exposure factors which would have masked the effect of such exposure and 
associations with reported back pain towards the null (Burdorf, 1992b). Additionally, 
using a biomechanical model with linear programming like the one used in this study 
underestimated the resultant lumbosacral compression forces (Kee & Chung, 1996).
This paper was reviewed in this section due to the poor representation of physical work 
factors.
Hemingway, Shipley et al. (1997) performed a prospective study on a cohort of 10308 
office workers with a 4-year follow up. Low control over work, high quantitative 
demands and low social support were found to predict short term sickness absence (less
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than or equal to 7 days) due to back pain for men (adjusting for age). Low control was 
the strongest predictor of long term sickness absence due to back pain for men 
(adjusting for age).
Low job satisfaction was associated with an increase in short absences due to back pain. 
However, this association was partly confounded by pre-existing back pain effects and 
other characteristics were not confounded by pre-existing back pain. Contrary to the 
study by Bigos, Battie et al. (1991), job satisfaction had no consistent effect on sickness 
absence as a result of back pain when all other factors were controlled for. Additionally 
it was claimed that job satisfaction might be influenced by back pain rather than job 
satisfaction being an antecedent of back pain. This study paper was reviewed in 1995 
but was published in 1997 and so is considered here.
The following epidemiological studies were excluded for not meeting the inclusion 
criteria.(Astrand, 1987; Feyer, Williamson et al., 1992a; Feyer, Williamson et al.,
1992b; Symonds, Burton et al., 1996; Josephson, Hagberg et al., 1996).
2.4.1.1 Summary of epidemiological studies for back disorders and psychosocial work 
factors
One prospective study (Hemingway, Shipley et al., 1995) of the two studies reviewed 
adequately assessed psychosocial work factors and associations with back pain. The two 
studies were prospective and so psychosocial work exposures were determined before 
the incidence of back disorders in order to establish information regarding the time 
order and direction of exposure and outcome (Bigos, Battie et al., 1991; Hemingway, 
Shipley et al., 1995). Low job control, quantitative demands and social support 
predicted sickness absence due to back pain in office workers. It was found that job 
satisfaction may be affected by back pain rather than being an antecedent of the 
condition. Low social support was also a predictor for blue-collar workers handling 
baggage.
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2.4.2 Epidemiological research on neck and upper limb disorders measuring
psychosocial risk factors
See table 11 in section 2.6
Linton & Kamwendo (1989) showed in a cross-sectional study o f420 female secretaries 
that work content (OR 2.19 Cl 1.07-4.47) and social support (OR 1.82 Cl 1.05-3.16) 
were associated with neck pain in the last 12 months. The risk of being exposed to low 
social support and experiencing shoulder pain was associated with an increased odds 
ratio but the lower limit of the 95% confidence interval was less than one (OR 1.62 95% 
Cl 0.95-2.78). Subjects were additionally assigned to poor psychosocial environment 
and good psychosocial environment based on work content, work demands and social 
support factors. Subjects exposed to a poor psychosocial work environment had 3 times 
the risk of experiencing neck and shoulder pain.
Toomingas, Theorell et al. (1992) investigated psychological demands, authority over 
decisions, social support and intellectual discretion and associations with neck and 
shoulder symptoms in the last 12 months. Manual palpation to measure tenderness for 
those regions was also performed. It was found that neck symptoms were associated 
with psychological demands and social support only. Psychosocial factors did not 
influence shoulder symptoms. However, tenderness in the shoulders and the neck in the 
clinical examination was associated with psychological demands (OR 1.94 95% Cl 
1.75-3.60) and low social support (OR 5.00 95% Cl 1.85-13.6). The relative risk 
estimates were much higher in the clinical examination compared to symptoms.
In this study subjects were characterised into low and high exposure groups (first 
quartile and fourth quartile groups) for each potential risk factor under study, thus, 
minimising potential effects of misclassification of exposure.
The following epidemiological studies were excluded for not meeting the inclusion 
criteria (Bergenudd & Nilsson, 1988; Takala, Viikari-Juntura et al., 1991; Kamwendo, 
Linton et al., 1991a; Kamwendo, Linton et al., 1991b; Veiersted & Westgaard, 1992; 
Theorell, 1992; Levoska & Keinanen-Kiukaanniemi, 1994; Westgaard & Vasseljen Jr, 
1995).
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2.4.2.1 Summary of epidemiological studies for neck and shoulder disorders and 
psychosocial work factors 
Poor psychosocial environment based on work content, work demands and social 
support showed a three-fold increase in risk for neck and shoulder pain (Linton & 
Kamwendo, 1989). Toomingas, Theorell et al. (1992) found that psychological 
demands and social support but not authority of decisions were associated with neck 
symptoms. Psychosocial work factors have been associated with WMSDs defined by 
self-report and clinical examination.
2.4.3 Epidemiological research on general WMSDs measuring psychosocial risk factors
Associations between WMSDs of the neck/shoulder, upper limbs and the low back and 
psychosocial work risk factors have been conducted but have not provided a measure of 
risk.
The following epidemiological studies were excluded for not meeting the inclusion 
criteria (Pot, Padmos et al., 1986; Karasek, Gardell et al., 1987; Leino, Hasan et al., 
1988; Ursin, Endresen et al., 1988; Hopkins, 1990; Westgaard, Jensen et al., 1993; 
Ahlberg-Hulten, Sigala et al., 1993; Ahlberg-Hulten, Theorell et al., 1995)
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2.5 Reviews of the literature for physical and psychosocial work factors
The most up to date source of information regarding the work relatedness of 
musculoskeletal disorders is a critical review by the National Institute of Occupational 
Safety and Health (NIOSH) in the United States (Putz-Anderson, Bernard et al., 1997). 
Physical and psychosocial work risk factors were comprehensively reviewed and are 
shown in table 12.
In the next sections studies are reviewed that have measured physical and psychosocial 
work factors and have assessed the risk associated with WMSDs. Quantified physical 
exposure variables were no longer a prerequisite for inclusion in the following sections.
2.5.1 Epidemiological research on back disorders measuring physical and psychosocial 
risk factors
See table 13 in section 2.6
Holmstrom, Lindell et al. (1992a) showed in a cross-sectional study an exposure- 
response relationship for stooping and kneeling. Qualitative work demands (too great 
working tasks, too great responsibility) and quantitative demands (too much to do at 
work, too monotonous work, and irregular work) were important psychosocial factors as 
well as solitary work and stress (measured as type A behaviour) for back disorders.
Both exposure and outcomes (back pain and severe back pain) were assessed using self- 
report questionnaires. Sitting for any length of time was not a risk factor for any 
outcome in this study of construction workers. Exposure to sitting in this study was 
frequently combined with vibration. A high frequency of manual handling was 
associated with an increased prevalence rate of low back pain in the young or middle 
aged but not the age group greater than 50 years. This observation may be due to a 
healthy worker effect within the study population. Prevalence rate ratios were not 
reported for quantified manual handling variables. The questionnaire indices for the 
physical work variables were classified into low 1-1.99, moderate 2-2.99, and high 
exposure groups 3-5. Subjects may have been misclassified with respect to exposure 
using this grouping.
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The following epidemiological studies were excluded for not meeting the inclusion 
criteria (Riihimaki, Tola et al., 1989; Heliovaara, Makela et al., 1991; Thorbjomsson, 
Alfredsson et al., 1995; Burton, Tillotson et al., 1996).
2.5.1.1 Summary of epidemiological studies for back disorders and 
physical/psychosocial work factors 
Physical and psychosocial work risk factors measured by self-report questionnaire 
showed similar risk magnitudes for low back disorders in a population of construction 
workers (Holmstrom, Lindell et al., 1992a).
2.5.2 Epidemiological research on neck and upper limb disorders measuring physical 
and psychosocial risk factors
See table 14 in section 2.6
Bernard, Sauter et al. (1994) studied 1050 newspaper employees and showed that 
physical and psychosocial work factors increased the risk of WMSDs in the neck and 
upper limbs. An increase in the number of hours typing increased the risk in an 
exposure-response relationship. Workers that typed more than 6 hours per day 
compared to those who typed less than 2 hours per day had a two-fold increase in risk 
for hand/wrist disorders. Increased time working under deadlines and increased job 
pressure was associated with an increased risk of disorders in the neck, shoulder and 
hand/wrist. A perceived lack of social support increased the risk of experiencing 
disorders of the hands/wrist and the neck. A perceived lack of participation in job 
decision making increased the risk of shoulder disorders. A group of subjects from the 
study population were sampled to determine whether symptomatic subjects over­
reported the time spent typing in comparison with subjects who were asymptomatic. 
Such differential misclassification error was not observed.
Burt, Silverstein et al. (1992) investigated musculoskeletal symptoms in the hand/wrist, 
elbows, neck and shoulders for 836 employees of a newspaper company. Typing speed 
and percentage of the time spent typing were associated with an increased risk of 
disorders in these musculoskeletal regions. Typing speed was only a strong risk factor
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(OR 2.5 95% Cl 1.6-3.4) when typing for 80-100% of the time (OR 2.8 95% Cl 1.4- 
5.7). Typing between 60-79% of the time resulted in a 95% confidence interval less 
than one. Greater job pressures may have partly explained the increased time spent at a 
keyboard and a fast typing speed. Odds ratios were only reported for logistic regression 
results of the hand/wrist and the elbow/forearm regions.
Ekberg, Karlsson et al. (1995) showed in a cross-sectional study of 637 workers from 
the Swedish population that repetitive movement demanding precision was associated 
with neck and shoulder symptoms. Uncomfortable sitting or standing, physically 
demanding work, light lifting, work with lifted arms and a monotonous work position 
were not significantly associated with neck and shoulder symptoms. High work pace, 
low work content (low variation and stimulation, low authority over decisions and low 
possibilities for development) and work role ambiguity were associated with neck and 
shoulder symptoms in the last six months.
Contrary to other research many of the physical work variables in this study were not 
strong indicators but this might be due to the fact that the sample of this work 
population was very heterogeneous with respect to the physical tasks performed. Thus, 
associations between exposures and outcome may have been underestimated.
Holmstrom, Lindell et al. (1992b) showed that working with hands above shoulder level 
was an important risk factor for neck and shoulder disorders and an exposure-response 
relationship was also shown. Working with hands at waist level, stooping, and kneeling 
between one to four hours per day were also associated with neck and shoulder 
symptoms. It was suggested that static workload was more important than dynamic 
workload for developing symptoms. Qualitative work demands (too great working 
tasks, too great responsibility) and quantitative demands (too much to do at work, too 
monotonous work, and irregular work) were implicated psychosocial work factors as 
well as solitary work and stress (measured as type A behaviour). Age and psychosocial 
work factors were most prominently associated with neck and shoulder symptoms. This 
evidence suggested that psychosocial factors have an important part to play in the 
aetiology of neck and shoulder symptoms even when workers are involved in manual 
handling tasks in the construction industry.
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Hales, Sauter et al. (1994) measured demographic, individual variables, work 
organisation variables, psychosocial variables, electronic performance monitoring and 
keystroke rates in a cross-sectional study of telecommunication employees operating a 
computer. Separate logistic models were used for the neck, shoulder, elbow and 
hand/wrist regions. Six psychosocial variables were associated with the neck region, 
one for the shoulder, three for the elbow and one for the hand/wrist. Fear of being 
replaced by computers was a common psychosocial factor for the neck, shoulders and 
elbow. Routine work lacking decision-making opportunities was associated with an 
increased risk for neck and elbow disorders. High information processing demands was 
associated with an increased risk for neck and hand/wrist disorders.
This study also examined keystroke rates and associations with WMSDs but this was 
not found to be a risk factor in this study population. However, keystroke rate was 
relatively low (mean 15950 keystrokes per day) so this result cannot be generalised to 
more intense VDU work tasks. It was suggested that the strength of the associations 
between psychosocial work factors and outcomes might have been overestimated due to 
the inability to detect significant associations with physical work factors.
The following epidemiological studies were excluded for not meeting the inclusion 
criteria (Heliovaara, Makela et al., 1991; Kamwendo, Linton et al., 1991a; Veiersted & 
Westgaard, 1994; Ohlsson, Hansson et al., 1994; Vasseljen Jr, Westgaard et al., 1995).
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2.5.2.1 Summary of epidemiological studies for the neck and upper limb disorders and 
physical/psychosocial work factors 
Typing for six to eight hours of the day has been shown to increase the risk twofold for 
hand/wrist disorders (Burt, Silverstein et al., 1992; Bernard, Sauter et al., 1994). 
Repetitive and precise shoulder movements and working with the hands above shoulder 
level were associated with an increased risk of neck and shoulder disorders (Holmstrom, 
Lindell et al., 1992b; Ekberg, Karlsson et al., 1995). Poor social support, high 
information processing demands and low control were associated with an increased risk 
of hand/wrist disorders and the neck (Bernard, Sauter et al., 1994; Hales, Sauter et al., 
1994) and low control was associated with an increased risk for the shoulder region 
(Bernard, Sauter et al., 1994). High work pace, low work content, work role ambiguity 
and high work demands have also been associated with an increased risk of neck and 
shoulder disorders (Holmstrom, Lindell et al., 1992b; Ekberg, Karlsson et al., 1995).
Physical and psychosocial work factors were associated with an increased risk of neck 
and upper limb disorders for blue and white-collar workers. There were not any studies 
investigating the combined effects of physical and psychosocial work factors for the 
neck and upper limbs as the main analytic goal.
2.5.3 Epidemiological research on general WMSDs measuring physical and 
psychosocial risk factors
See table 15 in section 2.6
Linton (1990) performed a cross-sectional study of 22 180 employees in Sweden who 
were exposed to physical and psychosocial work factors. Subjects were classified into 
high and low exposure groups using "a priori" criteria. The strategy for selecting these 
groups was to eliminate subjects responding in the middle third of the relevant scales to 
reduce the potential for misclassification error. Elevated odds ratios for neck and low- 
back pain were observed for monotonous work, heavy lifting, uncomfortable posture, 
vibration, work content, low social support, and work load. Sitting was not found to be 
a risk factor for low-back pain or neck pain.
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Exposure to a combination of physical and psychosocial factors and associated 
outcomes was also investigated. The combined effects of a poor psychosocial 
environment and each of the physical variables - monotonous work, lifting and posture 
-  resulted in an elevated odds ratio compared to being exposed to neither set of work 
factors. An increased risk associated with a combined effect relative to a reference 
group does not demonstrate an interaction between the two risk factors (Rothman, 1976; 
Rothman, 1986) (see section 2.9.2).
Houtman, Bongers et al. (1994) performed an analysis on data collected in a survey of 
5865 workers in the Netherlands. Work pace, monotonous work and heavy physical 
load were found to be associated with back complaints and muscle joint complaints. 
Intellectual discretion was associated with back complaints (OR 1.47 95% Cl 1.08-1.99) 
and muscle or joint problems (OR 1.67 95% Cl 1.22-2.29) when subjects were exposed 
to four sub-indices i.e. monotonous work, no good development, no proper fit and no 
good promotion. The relationship between intellectual discretion and musculoskeletal 
problems was partly attributed to heavy physical load.
Johansson, Rubenowitz et al. (1995) showed in 2200 care workers that psychological 
workload was associated with symptoms in the neck, shoulder, and lower back. 
Monotonous working movements and working in bent trunk postures was also 
associated with neck and shoulder symptoms and low-back symptoms respectively. 
Symptoms were identified using self-reports that were solely work related and resulted 
in a lower prevalence of musculoskeletal symptoms compared to symptoms in general. 
However, a strong outcome bias may have resulted due to poor accountability by 
subjects for deciding whether symptoms were work related or not.
The following epidemiological studies were excluded for not meeting the inclusion 
criteria (Ryan, 1989; Theorell, Harms-Ringdahl et al., 1991; Kamwendo, Linton et al., 
1991b; Faucett & Rempel, 1994; Gerdle, Brulin et al., 1994; Johansson & Rubenowitz, 
1994; Ingelgard, Karlsson et al., 1996).
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2.5.3.1 Summary of epidemiological studies for general WMSDs and 
physical/psychosocial work factors 
Physical, psychosocial and organisation work factors were associated with WMSDs of 
the back, neck, shoulders and upper limbs. One study investigated the combined effects 
of certain physical work factors and a poor psychosocial environment and showed an 
elevated risk compared to not being exposed to either factor (Linton, 1990). However, 
this study could not identify interaction effects using this analysis strategy. Therefore, 
possible interactions between physical, psychosocial or organisation work factors have 
not been investigated for studies investigating work related musculoskeletal disorders.
2.6 Literature review in tables
The literature review has been summarised into tables listing the author, type of study 
design, the study population, the musculoskeletal outcome(s) and the methods used to 
control confounding. Risk factors with 95% confidence intervals greater than one were 
shown in the tables.
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2.7 Discussion
2.7.1 Measurements of exposure
Methods used to assess physical exposure have included instrumentation measurements, 
observation methods, interviews and self-report questionnaires. The advantages and 
disadvantages of each exposure assessment method are discussed in Chapter 3. Table 
16 shows for the reviewed studies satisfying the inclusion criteria that physical exposure 
was assessed with self-report questionnaires more often than other methods. Data on 
different work exposure variables and cumulative exposure can be collected using 
questionnaires with fewer resources and in less time compared to direct measurements 
and observation methods. It is stressed that failure to obtain a comprehensive exposure 
assessment may lead to significant exposure misclassification (Buckle, 1994b). 
However, the multifactorial aetiology of many WMSDs does not make such a goal 
easily achievable in practice. A comprehensive review of all aetiologic factors for a 
particular WMSD may be possible using a sampling strategy that utilises many methods 
of exposure assessment.
Experimental studies have been conducted to assess the reliability and validity of 
responses on physical exposure using self-report questionnaires when compared to other 
methods (Baty, Buckle et al., 1986; Karlqvist, Wiktorin et al., 1991; Hildebrandt & 
Bongers, 1991; Van der Beek, Braam et al., 1994). There is typically poor agreement 
between exposure methods in general. However, experimental studies have 
demonstrated acceptable reliability for some measures of working postures and manual 
handling tasks (Wiktorin, Karlqvist et ah, 1991; Wiktorin, Karlqvist et ah, 1993).
From table 16, instrumentation measurements have been used to assess physical 
exposure with greater accuracy and precision than self-report questionnaires. Physical 
exposure has also been assessed using structured interviews (Kelsey, Githens et ah,
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1984; Pietri, Leclerc et al., 1992; Bovenzi & Betta, 1994) but the comparison of 
interview data with other methods of data collection for assessing physical exposure in 
occupational settings has not been studied.
Table 17 shows that self-report questionnaires have been the main method of 
assessment for psychosocial work factors. No studies satisfying the inclusion criteria 
have used alternative methods for psychosocial exposure assessment. Interviews for the 
collection of psychosocial exposure data may also be subject to the same under or over­
reporting as for questionnaires (Hemberg, 1992; Armstrong, White et al., 1994). A 
comparison of self-report questionnaires and interviews for data collection can be found 
elsewhere (Fowler, 1993).
Studies using psychosocial questionnaires have reported data on reliability (Chronbach 
alphas ranging from 0.45 to 0.9) (Holmstrom, Lindell et al., 1992a; Holmstrom, Lindell 
et al., 1992b; Bernard, Sauter et al., 1994; Houtman, Bongers et al., 1994; Hales, Sauter 
et al., 1994; Ekberg, Karlsson et al., 1995).
2.7.2 Measurements of outcome
Table 18 shows that a clinical examination has been used to identify subjects within a 
study population exhibiting a specified outcome. However, it seems little is known 
about the validity and reliability of the diagnostic criteria (Viikari-Juntura, 1987; Stock, 
1991; Punnett, Fine et al., 1991). A recent study showed a high degree of agreement 
between the reports of pain in the neck and shoulders experienced on the same day as 
the clinical examination and diagnosis (Bjorksten, Boquist et al., 1995). Another study 
compared self-report questionnaire responses with a physical examination using a 
clinical classification scheme and found the results closely related (Hildebrandt,
Bongers et al., 1998b). Ohlsson, Attewell et al. (1994) reported that the 7-day 
prevalence of self-report symptoms correlated well with an examination of the neck and 
shoulder region.
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Physical examinations, especially for the median nerve, can be abnormal in subjects 
without any symptoms or impairment (Baron, Hales et al., 1992; Franzblau, Werner et 
al., 1996). A review and critique on palpation, a procedure commonly used in clinical 
diagnosis of WMSDs, reported that both within and between rater tests were generally 
unreliable (Simmonds & Kumar, 1993). Some studies have shown weak associations 
between the findings during a medical examination and the subjects complaints and/or 
function (Vallfors, Hansson et al., 1985; Holmstrom & Moritz, 1991).
It is believed by some that the worker is a very sensitive indicator in some contexts and 
symptoms can and should be used to identify and measure possible outcomes using 
questionnaires with short prevalence periods (Bjorksten, Boquist et al., 1995; Hagberg 
& Toomingas, 1996).
It has been hypothesised that specific disorders are progressive and symptoms may be 
presented before physical findings are detectable (Hagberg, Silverstein et al., 1995). 
Inspections of case histories suggest that signs and symptomology alter according to 
time (Buckle, 1997). Therefore, early stages of disease may remain undetected in 
studies using only medical diagnostic criteria (Chiang, Yin-Ching et al., 1993). Such 
studies may underestimate the prevalence of WMSDs and ultimately lead to the 
underestimation of effects of work risk factors.
However, studies simply measuring pain may overestimate the prevalence of WMSDs, 
for example when severity or duration is not measured and so "Fleeting pains" may be 
included in the prevalence data. Such descriptions of pain may be present after the 
performance of heavy lifting tasks (Burton, Tillotson et al., 1989). It is important to 
distinguish between “Fleeting pain” and persistent or recurrent severe pain, otherwise 
misclassification of outcome may ensue if the main goal is to study more severe 
conditions (Linton, 1990; Stock, 1991; Hagberg, Silverstein et al., 1995).
Table 18 shows, for the studies satisfying the inclusion criteria, that self-report 
questionnaires and clinical examinations have been used to assess the prevalence of
80
WMSDs. Some studies have used a questionnaire-based interview (Pietri, Leclerc et 
al., 1992; Bovenzi & Betta, 1994). Back problems were identified by reports to a 
medical department, incident report forms and the visits of individuals to their personal 
physician in a prospective study (Bigos, Battie et al., 1991). Sickness absence was used 
to define cases of back pain in another prospective study (Hemingway, Shipley et al.,
1995). Cases have been defined as those persons having seen a health-care professional 
for neck or back pain in the previous year (Linton, 1990).
2.7.3 Study design
Most studies reviewed have been cross-sectional where both exposure and 
musculoskeletal outcome are determined at the same point in time. This is due to the 
relative ease of conducting such investigations compared to longitudinal studies where 
exposure is measured in a cohort over time. Fewer resources and less cost are 
characteristics of a cross-sectional and case-control study.
However, there is a major drawback with a cross-sectional study design. It is due to 
exposure and outcome being determined at the same point in time. Workers who suffer 
from WMSDs may be removed from their job and placed in one with less exposure or 
workers with WMSDs may terminate employment (selection bias). Choosing a 
reference group within the same occupational group with low exposure is common in 
occupational epidemiology (Checkoway, Pearce et al., 1989). If such an approach is 
taken and a selection bias is present then this may result in an underestimation of the 
burden of illness, thus attenuating estimates of risk.
Excluding potential subjects who suffered from WMSDs before entering the 
occupational population under investigation sometimes controls overestimation of the 
outcome prevalence associated with the performance of work in the current job 
(Silverstein, Fine et al., 1986; Bovenzi & Zadini, 1992; Bernard, Sauter et al., 1994; 
Hales, Sauter et al., 1994). Additionally, this may also provide more insight into the
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aetiology of WMSDs by excluding workers that may have previous injuries that are 
exacerbated by current work exposures rather than being attributed to the onset.
Exposure variations over time and the variability of physical exposure within job titles 
has not been investigated in sufficient depth (Burdorf, 1992c; Van der Beek, Kuiper et 
al., 1995; Burdorf & Van Riel, 1996). One study did demonstrate that there was 
considerable variability in hand/wrist work posture between workers within the same 
job title especially in the low repetitive jobs (Silverstein, Fine et al., 1986). Individuals 
with the same job title may actually be assigned to different physical exposure 
categories as a result of the individual variation in exposure (Silverstein, Fine et al., 
1986). By considering the exposure groups with the largest contrast, i.e. low exposure 
versus high exposure, the degree of exposure misclassification may be reduced. This 
requires the exclusion of subjects categorised into a medium exposure category in the 
analysis. However, this means that a large survey is required to provide adequate study 
power and to reduce random error. Additionally a population with a large variation in 
exposure is required to avoid a skewed distribution of variables that may mask an 
exposure effect. Exposure misclassification, independent of outcome status, tends to 
underestimate the magnitude of any associations between exposure and outcome 
(Rothman, 1986; Checkoway, Pearce et al., 1989).
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2.7.4 Physical and psychosocial work risk factors associated with WMSDs
From the literature review exposures that increased the odds or risk of WMSDs by a
factor of 2 or greater were as follows:
• Frequent lifting or carrying (Kelsey, Githens et al., 1984; Venning, Walter et al., 
1987; Walsh, Vames et al., 1989; Nuwayhid, Stewart et al., 1993) (Punnett, Fine et 
a l, 1991)
• Whole body vibration (Kelsey & Hardy, 1975; Bongers, Hulshof et a l, 1990; Pietri, 
Leclerc et a l, 1992; Bovenzi & Zadini, 1992; Bovenzi & Betta, 1994)
• Arm vibration forces (Bovenzi, Zadini et a l, 1991)
• Bent-over trunk postures (Punnett, Fine et a l, 1991)
• Repetitive work (Silverstein, Fine et a l, 1986)
• Long typing duration (Burt, Silverstein et a l, 1992; Bernard, Sauter et a l, 1994)
• Combination of high hand forces and high repetition (Silverstein, Fine et a l, 1986)
• Cumulative exposure to manual handling, lifting and whole body vibration 
(Stenlund, 1992; Bovenzi & Zadini, 1992).
• Low work content (Linton & Kamwendo, 1989; Linton, 1990)
• Low social support (Linton & Kamwendo, 1989; Linton, 1990) (Toomingas, 
Theorell et a l, 1992)
• Low job control (Holmstrom, Lindell et a l, 1993; Bernard, Sauter et a l, 1994; 
Hemingway, Shipley et a l, 1997)
• Lack of decision making (Hales, Sauter et a l, 1994)
• Fear of being replaced by computers (Hales, Sauter et a l, 1994)
• High information processing demands (Hales, Sauter et a l, 1994)
• Increasing work procedures (Hales, Sauter et a l, 1994)
• Monotonous work (Linton, 1990)
• Psychological workload (Johansson, Rubenowitz et a l, 1995)
• Combination of lifting and a poor psychosocial environment (Linton, 1990)
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• Combination of posture and a poor psychosocial environment (Linton, 1990)
• Combination of monotonous work and a poor psychosocial environment (Linton,
1990)
Exposure criteria were selected from these risk factors for this study. WMSDs of the 
back were the primary outcome and so greater emphasis was given for risk factors 
showing an increase in risk equal to or greater than two for WMSDs in this region.
Refer to section 2.9.2.1 for details regarding the exposure criteria selected.
2.7.5 Causal Inference and plausible associations
Biological knowledge about epidemiological hypotheses is lacking in ergonomics 
epidemiology. This makes the hypotheses formed in epidemiological investigations less 
easy to interpret and can only claim associations between exposure and disease 
(Rothman, 1986). None the less, the area of public policy cannot wait for scientific 
knowledge and perfect epidemiological studies and so causal inferences must be made. 
Cross-sectional studies can only demonstrate an association between exposure and 
outcome and the investigation of temporal relationships between exposure and outcome 
require prospective cohort studies5.
The work relatedness of musculoskeletal disorders and the importance of physical and 
psychosocial work factors have been reviewed (Devereux, 1997; Putz-Anderson, 
Bernard et al., 1997). The literature review in this chapter revealed that more studies 
are required to explore the interactions between level, frequency and duration of 
physical exposure in various work settings investigating WMSDs of the lower back, 
neck and upper limbs.
Cross-sectional studies reported in the literature review assessed various physical and 
psychosocial exposures simultaneously but only independent relationships were
5 Prospective cohort study is defined as a follow-up of a worker population from the present into the future 
and determination of disease rates among that time period (Checkoway, Pearce et al., 1989).
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investigated. The majority of these studies have used multivariate logistic regression 
modelling to examine independent risk effects upon the outcome while adjusting for 
potential confounders such as age. It is common to include joint or second order terms 
in logistic modelling and such terms are presumed to represent interactions between 
covariates (independent variables).
It is wrongly believed that there is evidence of interaction if one or more of the 
estimated regression coefficients associated with the joint terms in a logistic regression 
model significantly differ from zero (Rothman, 1986). There are numerous problems 
that can arise when complex multivariate models are used that include joint or higher 
order terms (Kleinbaum, Kupper et al., 1982; Rothman, 1986). It is normally wise to 
exclude interaction terms involving exposure in the multivariate model unless analysis 
of interaction is the analytic goal (Rothman, 1986). The use of this modelling strategy 
can lead to false conclusions regarding the presence or absence of interaction effects 
(Greenland, 1979). Section 2.9.2 provides a definition of interaction and how it should 
be assessed using logistical regression or other data analysis techniques.
Only one study that satisfied the inclusion criteria has reported a measure of risk for a 
combined effect between physical and psychosocial exposure (Linton, 1990). Using a 
stratified analysis a combination of high exposure to certain physical work factors and a 
poor psychosocial work environment increased the risk associated with WMSDs of the 
back and neck. However, the study did not examine possible interaction effects, 
therefore, possible interactions between physical and psychosocial work factors and the 
risk of developing WMSDs have not been investigated.
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2.8 Conclusion of the literature review
Self-report questionnaires have been used most extensively in epidemiological studies 
investigating WMSDs. Most of the studies satisfying the inclusion criteria have been 
cross-sectional in design albeit that they are relatively methodologically weak compared 
to a prospective design.
Quantitative data regarding physical exposure are still urgently needed to support public 
policy regarding ergonomic regulations and guidelines. Physical exposure data should 
ideally consist of some measure of amplitude, duration and frequency of exposure 
(Winkel & Mathiassen, 1994). Psychosocial work factors cannot be ignored and are 
implicated in the multifactorial aetiology of WMSDs but need clear definition. Clearer 
distinctions should be made between organisation factors and psychosocial factors and 
constructs used to represent psychosocial factors should not mix cause and effect. 
Outcome measures should assess symptoms with short prevalence periods because of 
the potential for recall bias (Bjorksten, Boquist et al., 1995; Hagberg & Toomingas,
1996).
Well-designed epidemiological studies that accurately measure both psychosocial and 
physical work variables on a sufficiently large study population are desperately needed 
to determine the relative importance of each (Norman, 1994). More importantly, some 
physical, organisational and psychosocial factors may be strongly interrelated which 
makes analysis difficult but interactions between them require investigation (Buckle, 
1995).
The instruments used for measuring exposures and outcomes should be validated where 
possible and have sufficient reliability and validity. The number of variables that could 
be measured are great but prior to assessing exposure clear views must be formed of 
how each exposure relates to the musculoskeletal outcome using existing models 
(Buckle, 1994b).
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It is stated that there is much to gain and little to lose from a combination of 
interventions aimed at physical and psychosocial work factors (Bongers & Houtman, 
1995). One may need to tread carefully as such an intervention may result in 
organisational change for a number of work factors that interact to increase the risk of 
WMSDs or inhibit an improvement in working conditions in the long term. 
Ergonomists pursuing interventions must carefully think through organisational change 
and envisage possible consequences of changes in physical and psychosocial work 
factors and the interactive effects of these two sets of factors upon the incidence of 
WMSDs. Unfortunately, the knowledge support regarding physical and psychosocial 
interactions is not yet available.
Understanding the interaction of physical and psychosocial work factors, if  interactions 
do exist, may lead to the development of effective prevention strategies to inhibit the 
(initial) onset and perhaps the (subsequent increasing) severity of work related 
musculoskeletal disorders (Norman, 1994; Fine, 1994; Kilbom, 1994b; Buckle, 1994b; 
Buckle, 1995; Sjogaard, Fathallah et al., 1995).
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2.9. Aims of the PhD investigation
It has been shown in this literature review and others that exposure to physical and 
psychosocial work factors is associated with an increase in risk for the 
development of WMSDs (Riihimaki, 1995; Kilbom, Armstrong et al., 1996; Putz- 
Anderson, Bernard et al., 1997). However, it is not understood if or how physical 
and psychosocial factors interact to increase this risk.
Such knowledge may be required for work organisations in order to optimise 
work system redesign initiatives with the goal of reducing WMSDs. Therefore, a 
research study was required to provide this knowledge. The aims of the study 
were:
Main Aim
To test the hypothesis that psychosocial work factors interact with physical 
work factors to increase the risk associated with low-back disorders and other 
WMSDs
Subsidiary Aims
^  To explore the nature of any interactions through using appropriate models and 
to generate a research model for future research on interactions between 
potential work risk factors
To test whether the exposure instruments utilised provide sufficient contrast 
between high/low exposure groups.
2.9.1 The epidemiological survey
In order to provide scientific data to answer the main aim of the research study, an 
epidemiological study design was required which could be implemented within the 
time, cost and human resources available.
Cross-sectional epidemiological studies are used to collect information on both 
exposures and outcomes at the same point in time (Sorock & Courtney, 1996). 
Individuals or occupational groups within a study population are classified with respect 
to exposure and outcome. Cross-sectional studies often use current information for 
exposure but retrospective data may be of greater aetiologic significance. However, 
using current information is justified when a good correlation exists between current 
exposure and past exposure and if recall of previous exposure is known to provide 
unreliable data (Checkoway, Pearce et al., 1989).
Ideally, research investigating aetiology should be longitudinal rather than cross- 
sectional i.e. information on exposure should be collected before the outcome onset and 
the time interval between the two should correspond to the time for which the outcome 
usually manifests itself - called the induction period (Rothman, 1986; Hemberg, 1992). 
However, the induction period cannot be easily determined for WMSDs (Hemberg, 
1992).
"Any system that classifies individuals as diseased or not diseased in relation to some 
exposure is based on the assumption about induction period".
(Rothman, 1986)
Using a cross-sectional study to evaluate current exposures and outcome involves an 
assumption about induction period, and with regard to non-specific WMSDs it is 
implicit and obscure. The assumption used in this epidemiological design is to assume 
a zero induction period, which may or may not be accurate, as it is unclear from the
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research evidence. It is cited that case law suggests the latent period for the onset of 
work related upper limb disorders following intense exposure may be as little as a few 
days (Buckle, 1996b). Nuwayhid, Stewart et al. (1993) provided supporting data from a 
prospective study for a short latency period between exposure and first time onset of 
low-back pain. Therefore, current exposures can be used as a surrogate for previous 
exposures if  the latent period is of a short duration for WMSDs manifested as symptoms 
of pain and discomfort.
2.9.1.1 The odds ratio
The measure of risk in a cross-sectional study is the odds ratio (OR) and represents the 
ratio of the odds of disease in the exposed and the odds of disease in the unexposed.
The odds ratio is not a true measure of risk but is a good approximation (Bombardier, 
Kerr et al., 1994; Sorock & Courtney, 1996). Figure 5 illustrates the calculation of the 
odds ratio.
An odds ratio of 3 is interpreted as meaning that cases with the outcome are 3 times 
more likely to have been exposed than cases without the outcome. The estimate of the 
odds ratio varies within a range of values termed a confidence interval normally 
reported as 95% confidence intervals (95% Cl). It gives an indication of how precisely 
the risk estimates have been measured so the 95% Cl would indicate that there is a 95% 
probability that the true risk value would lie between the lower and upper values of the 
confidence interval (Rothman, 1986). The confidence interval is dependent on the 
magnitude of the estimate, the specified probability of including the true value of the 
estimate and the sample size in each of the four cells of figure 5. A number of methods 
exist for calculating confidence intervals and are discussed in (Kahn & Sempos, 1989).
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Figure 5 Calculation of the odds ratio.
ExposedYes No
Yes
Outcome
No
(a + b)
(c + d)
(a + c) (b + d)
Equation 1 The odds ratio formula.
OR =_ a+bc + d
2.9.2 Defining interactions
As more risk factors become established as probable causes in the elaboration o f  
disease aetiology, scientists will turn their attention increasingly to the question o f  
interaction o f the potential causes.
Rothman (1976)
An epidemiologist who can be said to have been crystal ball gazing into the future of 
ergonomic epidemiology and WMSDs provided this statement. The time of researching 
interactions between probable causes of WMSDs like non-specific back pain is upon us 
now.
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Consider the case of an epidemiological study examining the relationships between 
cause and outome. Two agents e.g. physical work factors and psychosocial work 
factors may both act as causes of a particular outcome like back pain. If either agent 
were to modify the extent to which the other produces the outcome then such interaction 
would imply that the two causal chains have some common denominator. The 
interaction of the two agents may increase the outcome multiplicatively or additively. 
This has very important implications for ergonomic interventions in the workplace.
An understanding of potential biological mechanisms linking a causal agent(s) to an 
outcome is important in epidemiology. Deviations from any particular model of the 
mechanisms of interaction between two causal agents will assist in deriving a causal 
theory (Koopman, 1981). Statistical modelling is used in epidemiology to find the best 
fitting yet biologically reasonable model to describe the relationship between an 
outcome and causal agent(s) (Hosmer & Lemeshow, 1989). However, statistical 
modelling must not be used without considering the underlying epidemiological 
principles affecting its utilisation (Rothman, 1986). Inappropriate modelling of 
interactions between discrete factors may provide a purely statistical concept of 
interaction that cannot contribute meaningfully to epidemiological analysis which in 
turn cannot contribute to scientific knowledge (Koopman, 1981; Rothman, 1986).
Koopman (1981) realised that additive and multiplicative models were inconsistent with 
each other when modelling interactions between causes of disease. Table 19 
demonstrates this inconsistency e.g. no presence of interaction using a multiplicative 
model will imply a positive interaction using an additive model.
For this reason the choice of epidemiological model should not be arbitrary. It is 
recommended that deviations from an additive model should be assessed for measuring 
interaction between potential causal agents even when such data agree with a 
multiplicative no-interaction model (Greenland, 1979; Koopman, 1981; Rothman,
1986).
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Table 19 The inconsistency of interaction using either a multiplicative model or additive model.
Multiplicative Model Additive Model
No Interaction Positive Interaction
Positive Interaction Positive Interaction
Negative Interaction No Interaction
“For addressing public health concerns regarding disease frequency reduction, 
deviations from additivity appear to have the most relevance. ”
Kleinbaum, Kupper et al. (1982)
In the absence of interaction between physical and psychosocial work risk factors the 
odds ratio for the high physical/high psychosocial exposure group is equal to the sum of 
the odds ratio for each exposure group with one exposure factor acting relatively 
independently. This is expressed numerically in equation 2.
Equation 2 The calculation of interaction effects.
(ORlIigh-IIigh ” O R  Low-Low) (ORnigh-Low " O R  Low-Low) (ORLow-High “ O R  Low-Low)
Four exposure groups are required to assess interactions that can be interpreted as 
having a significance upon the aetiology of low-back disorders and these are 
shown in figure 6 .
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Figure 6 Standard analysis of interactions.
Physical Exposure 
High Low
High
Psychosocial Exposure
Low
2.9.2.1 Exposure criteria
Exposure criteria were required to classify individuals into low or high exposure 
groups. From the review of the literature it was decided that physical and 
psychosocial risk factors associated with an odds ratio of greater than or equal to 
two should be used for exposure classification. This was considered to be the 
high risk criterion.
From section 2.7.4, lifting and whole body vibration were most consistently 
demonstrated as being risk factors for back disorders. The quantified data were 
used to establish the physical exposure criteria used for low/high risk 
classification. High hand forces and high repetition have also been shown to 
increase the risk of wrist/hand disorders and such exposure would be present 
when performing frequent and relatively heavy lifting.
O R  High-High ORLow-High
ORnigh-Low O R low-Low
It was shown that lifting greater than 18 kg was associated with an increased risk 
of low-back disorders that satisfied the high risk criterion (Walsh, Vames et al.,
1989; Nuwayhid, Stewart et al., 1993). Lifting at a lower weight level (4.5 -11 
kg) very frequently (once per minute to twenty-five times per day) was also 
associated with an increased risk of back disorders (Kelsey, Githens et al., 1984; 
Punnett, Fine et al., 1991). The magnitude of the risk satisfied the high risk 
criterion (OR > 2).
It was shown that driving motor vehicles for 4 hours per day or more increased 
the risk of back disorders and the risk satisfied the high risk criterion (Kelsey &
Hardy, 1975; Pietri, Leclerc et al., 1992).
Long periods of typing on computer keyboards have been associated with an 
increased risk of injury for the wrist/hand region and the risk satisfied the high 
risk criterion (Burt, Silverstein et al., 1992; Bernard, Sauter et al., 1994).
However, such exposure has only been associated with the wrist/hands and not the 
back and so was not included in the exposure criteria.
A literature review suggested that long periods of sitting might be a risk factor for low- 
back pain (Garg & Moore, 1992). However, one critical review did not include sitting 
as a risk factor (Burdorf, 1992a). It has been continuously asserted that the evidence for 
associations between low-back disorders and sedentary work or sitting is contradictory 
(Riihimaki, 1991; Riihimaki, 1995; Riihimaki, 1997).
However, sitting combined with vibration has consistently been reported by many 
studies to increase the risk of back disorders (Wilder, 1993; Wickstrom, Kjellberg et al., 
1994; Riihimaki, 1995). Train drivers exposed to sitting and vibration most of the time 
had 4 times the risk (OR 3.9 95% Cl 1.7-8.6) of experiencing diagnosed sciatica than a 
comparison group of office workers who experienced sustained sitting (Johanning,
1991). Similar associations for back disorders were found for bus drivers compared to 
office workers (OR 3 95% Cl 1.75-5.09) (Bovenzi & Zadini, 1992). Additional factors
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such as the operation of vehicle controls requiring high forces in poor postures may also 
be important and independent of whole body vibration but interactions are unclear at 
present (Haselgrave, 1997).
Little is known about the quantified exposure-effect relationship between 
prolonged sitting and back disorders (Wickstrom, Kjellberg et al., 1994;
Riihimaki, 1997).
Using the definitions used in the model of (Armstrong, Buckle et al., 1993) (see 
figure 7), it is reasonable to suggest that exposure to two known risk factors may 
additively or multiplicatively increase the dose. See also section 1.4 for a 
previous discussion of this model.
Figure 7 Proposed conceptual model for WMSDs. Redrawn from Armstrong et al. (1993).
Exposure 
(Work Requirements)
EXTERNAL
Response 1 
— ► Response 2
^  Response n
Dose
Capacity <
INTERNAL
Therefore, exposure to light lifting performed frequently and also exposure to 
whole body vibration while sitting for a large portion of the day may relatively
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increase the risk of experiencing a back disorder. Heavy lifting performed 
frequently may provide a dose sufficient enough to increase the risk of back 
disorders without any other exposure present.
Figure 8 shows the criteria (reduction variables) used for assessing low and high 
physical exposure based upon the existing evidence and current models. The 
criteria established from the literature were applied to the appropriate risk factors 
in the self-report questionnaires used in the study. Individuals were classified as 
high physical exposure (high risk) if exposed to both the lighter lifting and 
vibration criteria. Individuals could also be classified as high physical exposure if 
exposed to the heavier lifting criterion only.
Figure 8 Criteria for the classification into low and high physical exposure.
High Physical Exposure
Lifting 6-15 Kg >1-10 times per hour 
AND
Experiencing vibration while sitting > Vi working time
OR
Lifting 16+ Kg > 1-10 times per hour
Low Physical Exposure
Lifting 6-15 Kg < Once per hour 
AND
Experiencing vibration while sitting < % working time
AND
Lifting 16+ Kg Not at all
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Individuals were classified as low physical exposure (lower risk) if exposed below 
the level and frequency for lifting and the duration for whole body vibration. 
Individuals classified into this group were exposed to risk factors but for amounts 
that were shown not to increase the risk in the literature.
From section 2.7.4 it was shown that high information processing and quantitative 
demands, high psychosocial workload, low social support and low job control 
were associated with an increased risk of back disorders and other WMSDs.
Psychosocial risk factors have been measured by being present or absent (a 
dichotomous scale) or have been measured on an ordinal scale. Scores on the 
ordinal scale are usually summed and split into tertiles or quartiles to compare low 
versus high exposure groups. Exposure groups have also been defined by using 
measures of central tendency (means or medians) as a cut-off and using either side 
to represent low/high exposure.
Using a dichotomous measure may misclassify individuals into a low or high 
psychosocial exposure group and does not provide a detailed indication of the 
variation in exposure to psychosocial factors. The sum of the scores on an ordinal 
scale reflects relative high and low exposure groups that are based on the variation 
of responses i.e. a range effect. The relative low/high psychosocial exposure 
group may not represent an absolute low/high exposure group if the variation of 
responses is limited to one of the extreme ends of the ordinal scale i.e. the 
population response is skewed for each variable. Similarly using the median or 
mean as a cut-off for low/high exposure classification suffers from a similar 
problem. In addition, by definition, the central tendency measures will be 
centralised between responses that represent a medium exposure rating and are 
subject to greater probability of exposure misclassification. The selection of cut­
offs or markers for division of low and high exposure groups should be based 
upon scientific understanding of the risks and only partially on the response 
distributions (Matthews & Farewell, 1988).
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Based on the existing literature and current models, mental demands, job control 
and social support variables were used to classify low and high psychosocial 
exposure groups as shown in figure 9. Figure 10 shows the variables used to form 
each factor.
Figure 9 Criteria for classification into low and high psychosocial exposure.
High Psychosocial Exposure
Exposed to at least 2 of the factors below 
High Mental Demands 
Low Job Control 
Low Social Support
Low Psychosocial Exposure
Exposed to at least 2 of the factors below 
Low Mental Demands 
High Job Control 
High Social Support
Ordinal scales were used to measure the selected psychosocial work factors 
(reduction variables). High exposure for each factor was set using selected 
markers on the scale for each item forming the factor. The selection of markers 
was based upon scientific understanding of the risks and only partially on the 
response distributions. Five items formed the mental demands factor, six items 
formed the job control factor and six items formed the social support factor as 
shown in figure 10. In order to be classified as highly exposed to a psychosocial
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factor, the response to each item forming the factor had to correspond to the 
selected markers for that particular ordinal scale. Otherwise a low exposure 
classification was given.
Figure 10 Items used to form the mental demands, job control and social support.
Mental Demands (6 questions)
Ordinal scale
[1] Strongly agree [2] Slightly agree [3] Slightly disagree [41 Strongly disagree
My job requires a great deal of concentration 
My job requires me to remember many different things 
I must keep my mind on my work at all times 
I can take it easy and still get my work done 
I can let my mind wander and still do the work
Job Control 
Ordinal scale
[1] Very little [2] Little [3] A moderate amount [4] Much [5] Very much
How much influence do you have over the variety of tasks you perform?
How much influence do you have over the order in which you perform tasks at work?
How much influence do you have over the pace of your work, that is how fast or slow you work 
How much influence do you have over the decisions concerning which individuals in your work 
unit do which tasks?
How much influence do you have over the decisions as to when things will be done in your work 
unit?
How much do you influence the policies, procedures and performance in your work unit?
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Social Support 
Ordinal scale
[1] Very much [2] Somewhat [3] A Little [4] Not at all [5] Don’t have any such person
How much do each of these people go out of their way to do things to make your work life easier 
for you? Your immediate supervisor. Other people at work.
How easy is it to talk with each of the following people?
Your immediate supervisor. Other people at work
How much can each of these people be relied on when things get tough at work?
Your immediate supervisor. Other people at work
In order to be exposed to high mental demands, items 1-3 had to be answered on 
the scale as [1] -  strongly agree and items 4 and 5 had to be answered on the 
mental demands scale as [4] - strongly disagree. If item 4 was answered as [1],
[2] or [3] then it was ignored. This was because the item may have been 
misinterpreted as meaning physical work done or that the response was a halo 
effect. Halo effects are due to respondents running down the factor items always 
ticking the same marker because a decision has been made about the perception of 
the overall factor (Oppenheim, 1966). For the same reason, if items 4 and 5 were 
answered on the scale as [1], [2] or [3] then the individual was excluded from 
being classified with respect to this psychosocial factor because responses were 
contradictory unless item 1,2 and 3 were not answered as [1]. In this instance, the 
criteria for low mental demands had already been satisfied and the answers for 
items 4 and 5 were irrelevant. Individuals that were not classified as being 
exposed to high mental demands were classified as being exposed to low mental 
demands.
In order to be exposed to low job control, items 1-6 had to be answered on the job 
control scale as [1], [2] or [3]. Individuals not meeting the criteria were classified 
as being exposed to high job control.
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An individual had to experience either low supervisor support or low co-worker 
support in order to be exposed to low social support. In order to be exposed to 
low supervisor support items 1-3 had to be answered on the support scale as [2],
[3], [4] or [5]. Individuals not meeting the criteria were classified as exposed to 
high supervisor support. In order to be exposed to low co-worker support items 1- 
3 had to be answered on the support scale as [2], [3], [4] or [5] also. Individuals 
not meeting the criteria were classified as exposed to high co-worker support.
The reduction variables were used to classify low and high psychosocial exposure. 
Individuals were classified as high psychosocial exposure (high risk) if exposed to 
two or three of the factors forming the criteria. Individuals were classified as low 
psychosocial exposure if  exposed to two or three of the factors forming the 
criteria.
2.9.3 The instruments used in the research study
The final subsidiary aim concerned the methods used to assess exposure in the 
epidemiological study. A description of the method used to assess outcome is 
provided for clarity.
2.9.3.1 The assessment of exposure
Discussion of exposure measures in section 2.7.1 showed that self-report 
questionnaires were the most commonly used method to collect data in previous 
epidemiological studies for reasons already described despite their disadvantages. 
A self-report questionnaire for measuring physical and psychosocial work 
exposure was used in this study. The questionnaire comprised of items and 
associated scales that had demonstrated sufficient reliability and validity to 
classify low and high exposure groups. The use of this method of exposure 
assessment was within the resources available. The rationale used to select 
physical and psychosocial exposure questionnaires is given in section 3.1.
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The self-report questionnaires had to demonstrate the ability to classify low and 
high exposure groups in this study population and so observation and 
instrumentation measurements were used to validate the physical exposure 
measures in the self-report questionnaire on a sample of randomly selected 
workers (see section 3.2.2). Available resources only permitted the assessment of 
items used for physical exposure classification and posture. The instrumentation 
was tested and validated in the laboratory and simulated settings and the 
observation measurements were practised using video simulations. A description 
of these procedures is given in section 4.5. The sampling strategy was designed to 
meet the final aim of the study and to also be practiced within the environments 
where work was performed.
Interviews were also conducted on the same sampled group to assess the 
reliability of responses obtained from the questionnaire assessing psychosocial 
exposure. This method of exposure assessment has not been tested in the 
exposure assessment literature and may not provide a more objective measure of 
psychosocial exposure than questionnaires. Section 4.6.4 describes the details of 
the methods and the procedures used.
2.9.3.2 Outcome assessment
Section 3.4 reviews the methods used in previous studies for assessing WMSDs. 
The primary outcome measure in this investigation was the 7-day prevalence of 
symptoms of low-back disorders. Symptoms experienced frequently and chronic 
pain outcomes were also reported for this region. Symptoms of WMSDs 
experienced both in the last 7 days and the past 12 months were reported for the 
low back, neck, shoulders and wrists/hands. Medical severance data were 
collected for the years 1991-1996 to provide details regarding the incidence rates 
of injuries for different jobs within the workforce and this would provide some 
information regarding potential selection biases.
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Symptoms of WMSDs using short prevalence periods (e.g. the last 7 days) are 
valued as an outcome measure to limit the degree of recall bias. Additionally, 
early stages of disease can be detected using symptomology rather than medical 
diagnostics that may detect only more severe conditions of WMSDs. Recurrent 
symptoms of low-back disorders have also been assessed to see if  any effects of 
exposure are present. Preventive strategies are better aimed at workers with acute 
symptomology rather than more severe and chronic musculoskeletal disorders.
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CHAPTER 3
REVIEW OF EXPOSURE AND OUTCOME METHODS
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3.1 Introduction
This chapter describes the rationale for the choice of physical and psychosocial 
exposure measurement and outcome measurement used in the research study. The 
studies reviewed in chapter 2 varied widely as to the type of measurement and protocol 
used. This may be due to constraints within the occupational setting e.g. work 
activities, work organisation, environmental conditions, and management and employee 
acceptance. It may also be due to constraints in the methodology e.g. the measures 
used, the amount of time available for data collection and analysis, resources available, 
experience of the researchers and the objectives of the study. The fact that many studies 
have used different measurement systems for assessment of exposure and outcome 
makes meta-analysis difficult to conduct and interpret (Buckle, 1994b).
In section 2.9.3.1 self-report questionnaires were specified as the instruments used to 
assess physical and psychosocial exposure and musculoskeletal outcomes in the survey. 
A decision matrix summarises the strengths and weaknesses of each questionnaire 
reviewed for study use. The decision matrix was composed of six criteria. The 
questionnaire satisfying the most criteria was used in the study.
“Length” referred to the number of items in the questionnaire for assessing exposures. 
Too few items may not provide an adequate description of a potential risk factor and 
may undermine the true exposure-response relationship. On the other hand, too many 
items for a risk factor may reduce the number of valid and complete questionnaire 
returns possibly introducing a response bias and will increase the time taken for data 
analysis (coding and verification included).
“Scope” represented how comprehensive the questionnaire was for providing data on 
aetiologic risk factors associated with an outcome or set of outcomes. Using a 
questionnaire specifically designed to collect data on risk factors for upper limbs
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disorders may not include questions for potential risk factors associated with a different 
outcome e.g. low-back disorders. This may bias any associations found between 
exposure and outcome.
Reliability data describes the repeatability of the questionnaire for producing the same 
responses given very little change in the construct being measured. Validity data 
describes the precision of the data collected using a questionnaire. Ideally a 
questionnaire should seem to measure what it is reported to measure (face validity) and 
it should produce comparable responses with other data collection instruments 
measuring the same constructs (concurrent validity). Reliability and validity are 
important properties of any instrument used to collect data.
Applicability refers to whether the questionnaire items are specific to the study 
population being investigated. This criterion extends beyond simply assessing 
sufficient potential risk factors or outcomes as it can affect the interpretation of the 
items used in the questionnaire.
Finally, the questionnaires must have demonstrated use in other studies where 
comparisons in the data can be made to other populations. This makes meta-analysis 
more meaningful and allows comparisons of exposures or outcomes across different 
populations.
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3.2 Methods for assessing physical exposure
Physical exposure (exposure to factors such as posture, force, repetitive tasks etc.) has 
been assessed using many different types of measurement systems and was discussed in 
section 2.7.1 with respect to the studies satisfying the inclusion criteria. Direct and 
indirect observations using checklists, computers or video recordings, questionnaires, 
interviews, diaries and direct measurements are some of the measurement systems used 
in epidemiological studies. Others have reviewed the methods used for physical 
exposure assessment (Burdorf, 1992b; Kilbom, 1994a).
Winkel & Mathiassen (1994) highlighted the differences between self-report, 
observation methods and direct measurements that are the main exposure measurements 
used in the literature. Each exposure assessment method was considered against cost, 
capacity, versatility, generality and exactness (see figure 11).
Self-report questionnaires may incur the least costs compared to using observation or 
direct measurements. This is dependent on the number administered and the coding 
practices utilised. Self-report questionnaires can record a number of exposures with 
reduced exactness if quantified comparisons are made. However, this may not be the 
case if individuals are classified low or high risk. A questionnaire can be used in any 
work setting. The use of direct measurements or observation methods can be restrained 
or even thwarted in a work setting involving hazardous agents. Self-report 
questionnaires can collect more general information e.g. leisure activities and length of 
employment etc. Figure 11 may be too simplified when comparing exposure methods.
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Figure 11 Review of the properties of self-report, observation and direct measurements. Redrawn 
from Winkel and Mathiassen (1994).
Self Report Observation Direct
Methods Measurements
COST 
CAPACITY
VERSATILITY
GENERALITY 
EXACTNESS
Due to the multifactorial aetiology of WMSDs a wide number of physical exposure 
measurements need to be collected in epidemiological investigations. Hence, 
questionnaires seem to be the most suitable exposure instrument despite the limitations 
of poor validity and reliability shown in some studies for some quantified factors of 
physical exposure (Baty, Buckle et al., 1986; Karlqvist, Wiktorin et al., 1991; Wiktorin, 
Karlqvist et al., 1991; Winkel, Dallner et al., 1991; Van der Beek, Braam et al., 1994). 
Some questionnaires are able to differentiate between low and high exposure (Nygard, 
Karlqvist et al., 1991; Hildebrandt & Bongers, 1991; Wiktorin, Karlqvist et al., 1993). 
This property is most important in an epidemiological study design investigating 
aetiology of WMSDs as risk estimates partially rely on accurate classification of low 
and high exposure groups for providing minimally biased measures of risk.
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3.2.1 Self-report questionnaires for assessing physical work exposure
Table 20 The decision matrix for selection of a self-report questionnaire assessing physical work 
exposure. A ’V "  means that the criteria has been satisfied. An "X " means that the criteria has 
not been satisfied.
Criteria Questionnaires For Assessing Physical Exposure
LOQUEST MUSIC I NIOSH REBUS ONTARIO
Length X ✓ X ✓ ✓
Scope ✓ ✓ X ✓ ✓
Reliability Data ✓ ✓ X ✓ X
Validity Data ✓ ✓ X ✓ X
Applicability ✓ ✓ X X ✓
Study Use
Hildebrandt 
etal., 1996
Torgen et al., 
1995 
Johansson 
etal., 1994 
Hogstedt 
etal., 1995
Burt etal., 1992 
Bernard
etal., 1992
Koster, 1995 X
Five questionnaires were selected from the literature which had items on physical work 
exposures - LOQUEST (Netherlands)(Hildebrandt, Bongers et al., 1998a), MUSIC I 
(Sweden)(Wiktorin, Karlqvist et al., 1993), NIOSH (U.S.A), REBUS (Sweden) and 
ONTARIO (Canada).
Table 20 shows that the MUSIC I, REBUS and ONTARIO questionnaires satisfied the 
length and scope criteria. The MUSIC I and REBUS questionnaires had reported 
reliability and validity data in the literature and were considered acceptable for the 
method of data collection. The MUSIC I questionnaire possessed exposure items 
relevant to the study population and were also considered to be easily interpreted by 
most of the study population.
Based on the above criteria, the MUSIC I questionnaire was chosen to assess physical 
work exposure in the study.
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The MUSIC I questionnaire has seventeen questions regarding work postures, manual 
handling and lifting tasks. The questions used were derived from previous studies and 
time and frequency scales were included. The questionnaire items for measuring 
physical work exposure have been validated (Wiktorin, Karlqvist et al., 1993). The 
time spent performing the following - sitting, trunk bent forward 20-60 degrees, trunk 
bent forward greater than 60 degrees and walking distance were validated using a 
posimeter, a trunk flexion analyser and pedometer respectively over a whole working 
day. The remaining thirteen questions were validated with a computerised observation 
system (PEO) which also collected the duration and frequency of these exposures.
The ability of the items on the questionnaire to discriminate between low and high 
exposure groups varied. Questions from the MUSIC I demonstrating a kappa 
coefficient of approximately 0.4 or higher were selected for use in the PhD study. This 
kappa statistic value corresponds to fair to good accuracy between instruments (Fleiss, 
1986). Items like time spent between 20-60 degrees, trunk rotated 45 degrees, hands 
above shoulder level, head rotation and head flexion showed a poor or indeterminate 
ability to discriminate between high and low exposure groups. Nonetheless, the trunk 
posture items were considered potentially important for the primary outcome in the 
study and were included. However, these items were not used for exposure 
classification of subjects, partially because of the poor inter-rater agreement between 
self-report and direct measurements.
3.2.2 Observation and direct measurements
One study compared posture recording using direct observation, questionnaires and 
instrumentation and showed that questionnaire accuracy must be tested before its use. 
A measure of concurrent validity was also recommended using more valid and reliable 
instruments such as observation and direct measurements (Baty, Buckle et al., 1986). 
However, there are also limitations with objective instrumentation (Baty, Buckle et al., 
1986; Burdorf, 1992b). The use of direct methods can be complicated and time 
consuming when large numbers of subjects are involved. Users must be skilled in the
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equipment used or the accuracy of the data could be severely diminished (Buckle, 1987; 
Burdorf, Derksen et al., 1992). Additionally, several physical work factors need to be 
assessed with such equipment as the relative importance and interrelationships are not 
well understood (Punnett & Keyserling, 1987). This makes objective exposure 
assessment complex and may require the simultaneous use of several instrumental 
methods.
The aim of using observation and direct measurements was to validate the criteria used 
for assessing physical work exposure (e.g. lifting and experiencing whole body 
vibration while sitting) and also to assess the ability of subjects to accurately self-report 
the duration spent in different posture classes. Other objectives required the use of 
posture assessments that were outside the scope of this study and are not discussed here.
The self-reporting of posture in occupational groups has poor reliability when compared 
with direct measurements and observation measurements (Burdorf & Laan, 1991; Van 
der Beek, Bongers et al., 1995). A number of instruments are available that allow 
assessment of trunk posture without using observation (Snijders, Van Riel et al., 1987; 
Marras, Fathallah et al., 1992; Boocock, Jackson et al., 1994). Due to availability and 
relative ease of use within the occupational setting the Biometrics electrogoniometer 
model XM180B (Biometrics Ltd., Gwent, U.K) was used to measure back lumbar 
postures in the sagittal and coronal anatomical planes. The electrogoniometers have 
been used in clinical and occupational settings for assessing motions about various 
articulations (Boocock, Jackson et al., 1994; Li, 1996; Buchholz & Wellman, 1997).
One study assessed the validity of the XM180 model (an earlier model) in static work 
postures (Boocock, Jackson et al., 1994). This paper used an aluminium carriage to 
extend the linear displacement of the device so that it was able to assess lumbar postural 
movements throughout the lumbar spine range of motion. Since this paper the 
XM180B has been released. This does not require the use of an aluminium carriage and 
measures the lumbar spine range of motion. There were no available data reporting the 
static and dynamic validity of the new model. Laboratory tests were undertaken to 
validate the Biometrics XM180B electrogoniometer and details are given in section 4.5.
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Previous studies have used a real-time observation pen and paper method to record 
lifting frequency (Wickstrom, Niskanen et al., 1985; Harber, Shimozaki et al., 1987). 
Lifting, manual handling and posture duration and frequencies have been recorded 
using real-time observations on a portable computer system called PEO (Karlqvist, 
Winkel et al., 1994; Leskinen, Hall et al., 1997). Observation methods increase the 
quality of exposure assessment (Burdorf, 1992b). However, this is dependent on the 
experience of the user and the number of cognitive demands on the user.
3.3 Methods for assessing psychosocial work exposure
The choice of measurement methods used for assessing psychosocial work factors is 
limited compared to physical work factors and consists of questionnaires and 
interviews. Job observation methods have been developed to analyse work organisation 
variables but worker perceptions do not form a part of this construct and so are not 
regarded as psychosocial work factors but as attributes of the work system only. A 
standardised form of interview assessment has not been developed for assessing 
psychosocial work factors and so this form of assessment was not used in this study as 
the main exposure instrument.
Four questionnaires were selected from the literature that had sections on psychosocial 
work exposures -  LOQUEST (Netherlands) (Hildebrandt, Bongers et al., 1998a), Job 
Content Survey (JCS) (U.S.A.) (Karasek, 1979), Job Stress Indicator (JSI) (U.S.A.) 
(Hurrell & McLaney, 1988) and the Occupational Stress Indicator (OSI) (England) 
(Robertson, Cooper et al., 1990).
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3.3.1 Self-report questionnaires for assessing psychosocial work exposure
Table 21 The decision matrix for selection of a self-report questionnaire assessing psychosocial 
work exposure. A ' V "  means that the criteria has been satisfied. An "X " means that the criteria 
has not been satisfied.
Criteria Questionnaires For Assessing Psychosocial Exposures
LOQUEST JCS JSI OSI
Length X ✓ ✓ X
Scope ✓ X ✓ ✓
Reliability Data X X ✓ ✓
Validity Data X X X X
Applicability ✓ X ✓ X
Study Use Hildebrandt et al., 1996 Theorell etal., 1991 
Carayon, 1993
Hales etal., 1994 
Bernard et al., 1992
Buckle etal., 1996 
DeMoraes et al., 1993
Table 21 shows that the NIOSH JSI satisfied most criteria (i.e. scope, reliability data, 
applicability and study use). Obtaining concurrent validity of psychosocial exposures 
has not been conducted for any of the psychosocial exposure instruments considered. 
This is partly due to not having a “Gold standard”. There are 22 modules or scales 
within the NIOSH Job stress index of which 5 were used - mental demands, workload 
and responsibility, work hazards, job control and social support. These scales have 
acceptable psychometric properties giving reliability coefficients of 0.65 to 0.95 
(Hurrell & McLaney, 1988). The scales used have had extensive use and normative 
data are available. There were 49 questions in the psychosocial work section of the 
questionnaire used in this study.
These scales were selected for use in this study on the basis of the evidence presented in 
the literature of the associations between psychosocial work risk factors and WMSDs 
reported in Chapter 2. Additionally factors that were observed in the organisation as 
having potential importance were also included (hazards).
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3.4 Methods for assessing work related musculoskeletal disorders
As previously discussed in section 2.7.2, clinical examination has been used in some 
studies but has been considered an adjunct to the reporting of symptoms of discomfort. 
The test performance characteristics of discomfort surveys, physical examinations, 
vibrometry, threshold testing and grip/pinch strength tests on industrial and office 
workers have been compared (Franzblau, Werner et al., 1996). It was recommended 
that discomfort surveys should be used for workplace screening of upper limb disorders. 
The reliability and validity of diagnostic examinations used in many of the studies were 
not clear.
3.4.1 Self-report questionnaires for assessing WMSDs
The self-report of symptoms of WMSDs using questionnaires has been strongly 
suggested for health surveillance screening (Kilbom, 1996; Franzblau, Werner et al., 
1996; Viikari-Juntura, 1996a).
Table 22 The decision matrix for selection of a self-report questionnaire assessing work related 
musculoskeletal disorders. A 'V "  means that the criteria has been satisfied. The numbers 
represent the degree of accuracy. An "X " means that the criteria has not been satisfied.
Criteria Questionnaires For Assessing WMSDs
LOQUEST NMQ MARLEY NIOSH
Length ✓ ✓ ✓ X
Scope ✓ ✓ X ✓
Sensitivity 0.86 X 0.82 X
Specificity 0.86 X 0.56 X
Predictability 0.89 X 0.66 X
Applicability ✓ ✓ X ✓
Study Use Hildebrandt, 1995a Hildebrandt, 1995b
Rosecrance et al., 1997 
Lusa-Moser et al., 1997 
Holmstrometal., 1992a
X Bernard et al., 1994 Burt et al., 1992
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A number of questionnaires have been devised for assessing musculoskeletal outcomes. 
For table 22 four questionnaires were selected from the literature which had sections on 
symptom assessment of WMSDs -  LOQUEST (Netherlands) (Hildebrandt, Bongers et 
al., 1998b), Nordic musculoskeletal Questionnaire (NMQ) (Scandinavia) (Kuorinka, 
Jonsson et al., 1987), a questionnaire by (Marley & Kumar, 1996)(U.S.A), National 
Institute of Occupational Safety & Health (NIOSH) questionnaire (U.S. A) (Baron,
Hales et al., 1992). The questionnaire that satisfied the most criteria in table 22 was 
used to measure outcomes in the study. The reliability and validity criteria have been 
replaced with sensitivity and specificity.
The sensitivity for a given condition is defined as the probability that a person with a 
condition will be classified in a study as experiencing the condition. The specificity is 
defined as the probability that a person without the condition will be classified in a 
study as being without the condition. Ideally, the sensitivity and specificity should be 
equal to one (Kleinbaum, Kupper et al., 1982; Armstrong, White et al., 1994). The 
predictability represents the ability of the questionnaire to predict the outcome status. 
The sensitivity, specificity and predictability are common measures of validity for an 
outcome instrument.
The LOQUEST, NMQ and the Marley questionnaires were of an adequate length. 
Validity was only reported for the LOQUEST and the Marley questionnaire for the back 
symptom outcome -  the primary outcome in the study. The LOQUEST had the highest 
validity and had been used in previous studies.
The LOQUEST questionnaire has been validated against a physical examination of the 
lower back across a range of occupational groups (VDU workers, office workers, 
vehicle drivers and printers). The questionnaire demonstrated an ability to identify 
occupational groups with the highest and lowest prevalence of musculoskeletal 
symptoms (Hildebrandt, Bongers et al., 1998b). The sensitivity (a true positive) 
classification of low back pain, the specificity (a true negative classification of low back 
pain) and the prediction of low-back pain from the questionnaire are good for the 1 year
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prevalence and are shown in table 22. The 7-day prevalence has demonstrated a 
sensitivity of 0.64, specificity 1 and predictive value 1. The 7-day prevalence also 
differentiated best between occupational groups. The length of the LOQUEST outcome 
section used in this study was relatively short and easy to complete. The scope of the 
questionnaire covered all musculoskeletal regions and had questions on the 12-month 
and 7-day prevalence of musculoskeletal symptoms (aches, pain and discomfort). This 
outcome measure has been used previously in the literature and provides a means of 
comparison of prevalence with other occupational groups (Hildebrandt, 1995a; 
Hildebrandt, 1995b; Hildebrandt, Bongers et al., 1996).
The outcome questions and layout of the LOQUEST outcome questionnaire are similar 
to the Nordic Musculoskeletal Questionnaire (NMQ) (Kuorinka, Jonsson et al., 1987). 
This questionnaire or a modified form has been used in many epidemiological studies 
for identifying musculoskeletal symptoms (Ohlsson, Attewell et al., 1989; Kamwendo, 
Linton et al., 1991b; Bovenzi & Zadini, 1992; Burdorf, Naaktgeboren et al., 1993; 
Bovenzi & Betta, 1994; Johansson & Rubenowitz, 1994; Ohlsson, Hansson et al., 1994; 
Deakin, Stevenson et al., 1994; Suadicani, Hansen et al., 1994; Ekberg, Karlsson et al., 
1995; Johansson, Rubenowitz et al., 1995; Schibye, Skov et al., 1995; Porter & Gyi, 
1995; Christensen, Pedersen et al., 1995; Ostergren, Balogh et al., 1995; Bergqvist, 
Wolgast et al., 1995a; Bergqvist, Wolgast et al., 1995b; Knibbe & Friele, 1996; Skov, 
Vilhelm et al., 1996; Cock & Malchaire, 1996; Ingelgard, Karlsson et al., 1996; Bru, 
Mykletun et al., 1996; Lusa-Moser, Viikari-Juntura et al., 1997; Rosecrance, Cook et 
al., 1997).
Kilbom (1996) reviewed studies examining the validity of the NMQ and reported that it 
was not sensitive enough to detect changes in symptom severity in longitudinal studies 
and the predictive power for different questions needed investigation. The main studies 
had compared symptom reporting and clinical examinations for the neck and shoulders 
and had produced contradictory results. The NMQ does not have data regarding the 
sensitivity, specificity and predictive value of the back section of the questionnaire 
compared against physical examination and so was not selected for use in this study.
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The major criticism of symptom questionnaires (reporting a presence or absence of 
symptoms) is that limited information is provided about the pain qualities, intensities 
and patterns albeit they are at least standardised (Westgaard & Jansen, 1992a).
3.4.2 Additional outcome measures
The questionnaire used in this study for assessing musculoskeletal outcomes also asked 
specific questions regarding the intensity, duration and frequency of back pain. These 
measures were considered important in order to distinguish between acute and more 
severe or chronic lower back disorders (Linton, 1990; Stock, 1991). Experiencing back 
problems more than 3 times or lasting more than 1 week in the previous year presents 
an outcome that is frequent and recurrent and which indicates a condition of greater 
severity than an acute episode of pain. This outcome measure has been used in other 
studies (Johanning, 1991; Punnett, Fine et al., 1991; Silverstein & Hughes, 1996; 
Hughes, Silverstein et al., 1997). The definition has also been used for upper limb 
disorders (Franzblau, Salemo et al., 1996). Additional items regarding frequency, 
duration and intensity of symptoms were also used in this study and the first two items 
have been used in other recent studies (Silverstein & Hughes, 1996; Hughes, Silverstein 
et al., 1997). The intensity item has also been used before (Burt, Silverstein et al., 
1992).
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3.5 Summary
Current research has promoted the use of self-report questionnaires for assessing 
exposure and outcomes in epidemiological studies. They should be validated and 
standardised in order that comparisons of exposure and outcomes can be made with 
other studies investigating similar or different work populations.
Clinical examination should be used if the study objective is to establish exposure- 
outcome relationships for specific WMSD pathologies e.g. carpal tunnel syndrome. 
Such tests are considered a useful adjunct to symptom reporting.
The questionnaires reviewed were considered to be state of the art for subjective 
assessment of exposure and outcomes and those selected for use in the study had to 
satisfy as many of the following criteria as possible:
•  Length
• Scope
• Reliability
• Validity
• Applicability
• Previous study use
The MUSIC I questionnaire was used to assess physical exposure and satisfied all of the 
criteria for selection. Items from the questionnaire were only used if  they possessed 
sufficient inter-rater reliability.
The Job Stress Index was used to assess psychosocial exposure. Items were selected 
from the questionnaire that increased the risk of WMSDs in the literature review. These 
items satisfied the length, scope, reliability, applicability and study use criteria.
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The LOQUEST questionnaire was used to assess outcomes and the selected items from 
the questionnaire used were the 7 day and 12 month prevalence of symptoms. The 
selected items satisfied all of the criteria for selection.
Objective exposure instruments are required to validate exposures collected from self- 
report. A real-time observation pen and paper method was used to record the time spent 
sitting, driving and the lifting frequency in different weight ranges identical to those 
used in the questionnaire (see appendix A). The procedure used for this method is 
described in section 4.6). This method was chosen because of availability and 
additional logistics of the exposure methodology.
Structured interviews were used to validate psychosocial exposures using the Job Stress 
Index items in the questionnaire verbatim. Further details are given in section 4.6.4
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CHAPTER 4 
STUDY DESIGN DEVELOPMENT 
&
EXPERIMENTAL FIELD WORK DESIGN
4.1 Project management plan
The time management of this study is shown in figure 12. The data collection phases 
are represented as phase I, II and III. Phase I was the pilot study, phase II was the 
epidemiological survey and phase III was the instrumentation phase (experimental field 
work). It was more desirable to conduct phase III at the same time as phase II but the 
necessary instrumentation was not available at that time. Differences in exposure 
between phase I and II were accounted for (see section 5.5).
4.2 Preliminary investigations
The initial objective was to become acquainted with the work organisation -  the people, 
the hierarchy, the history, the culture and the organisation goals. Attending company 
training courses and having discussions with employees and managers achieved this. 
Additionally, an investigation was conducted into the usability of handling tools within 
the organisation for manual handling gas cylinders (Devereux, Buckle et al., 1995; 
Devereux, Buckle et al., 1998) (see appendix J).
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Figure 12 Study time and management plan for the Ph.D.
1995
Literature Review 
Study group assessments
- a
1996
Methods design 
Pilot work (phase I)
j j .
1996-1997
Epidemiological survey 
(Phase II)
j j.
1997
Instrumentation validity
- a
1997
Instrumentation study 
(Phase III)
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4.2.1 Power calculations
Power calculations were performed using Epi Info software version 5.01 (Centers for 
Disease Control Epidemiology Program Office, Georgia, U.S.A.) to estimate the 
magnitude of the study required to detect a statistically significant effect when a 
postulated effect exists. The power of the study depends on the following factors:
•  The disorder rate in the exposed and unexposed study groups
• The accepted level o f statistical significance
• The number o f study subjects
• The relative size o f the two groups
The power calculation is shown in appendix B. The approximate number of subjects 
required for each exposure group was 140 for an odds ratio of greater than 2.5 to be 
detected with significance using the parameters shown in appendix B. Power 
calculations only serve as a rough guide as the effects of confounding, effect 
modification and misclassification are not represented in the calculations (Checkoway, 
Pearce et al., 1989). Additionally the magnitude of the expected effect is not known 
with any accuracy.
4.2.2 Generic risk assessments
Health and safety personnel at BOC Industrial had performed generic risk assessments 
for all the different jobs in the organisation. These assessments were analysed to 
determine potential low and high exposure study groups. The generic risk assessment 
form is shown in appendix C.
4.2.3 Focus groups
Health and Safety task forces within BOC addressing manual handling issues were 
consulted to assist in identifying low and high exposure groups. The BOC Industrial 
task force was given a questionnaire to complete. This required members of the task
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force to rank order the jobs with respect to the degree of exposure (high to low) for 
physical and psychosocial factors. The BOC Sureflow manual handling task force was 
consulted about the two manual handling jobs within the Sureflow operation, which had 
already been investigated in depth using the process described in the preliminary 
investigation.
4.2.4 Exposure risk factor checklists
Exposure to physical work risk factors was assessed by observation of all the jobs using 
the draft Occupational Safety & Health Administration (OSHA) signal risk factor 
checklist (see appendix D). The checklist specifies the risk factor with respect to 
frequency or duration of exposure for four out of the five signal risk factors. Exposure 
to psychosocial, organisation and other work risk factors was assessed by observation 
using a checklist developed by the National Institute of Occupational Safety & Health 
(NIOSH) and is shown in appendix E.
4.3 Questionnaire design
Designing the questionnaire for ease of use was considered a priority to improve the 
likelihood of a high return rate from the survey population and also to improve the 
quality of the data returned. Illustrations were used where possible and check boxes 
were used for responses, as there were over a hundred questions in the questionnaire.
The final questionnaire (see appendix F) included sections on personal and general 
information, work activities, outcome status and work organisation and went through a 
number of design and test procedures before pilot testing at sites A and B. The design 
and test procedures were adapted from Armstrong, White et al. (1994).
The initial draft questionnaire, with all sections included, was evaluated by five 
ergonomists experienced in the use of questionnaires and also by four people
125
inexperienced with completing and designing questionnaires. The revised questionnaire 
was tested on four members of the Sureflow manual handling task force and comments 
were noted on the ease of use, completion time, clarity and interpretability.
4.4 Pilot study
The objectives of the pilot study (phase I) were as follows:
•  Identify difficulties with completing the questionnaire and improve the design
• Determine whether the questionnaire had the potential to identify low and high risk 
groups
• Obtain quantitative data on physical exposures where possible on manual handling 
jobs
The pilot study was conducted at two BOC locations. The locations were chosen to 
provide access to the greatest range of jobs within BOC Sureflow and BOC Industrial. 
Informed consent was obtained from all subjects participating in the pilot study and who 
were randomly selected from each job title. Nine (7 males, 2 females) and fourteen 
male subjects were used from site A and B respectively. All subjects were observed 
and risk factors were assessed using the checklists described in section 4.2.4. Most 
subjects were video recorded using 4 x 1 0  minute recording periods collected 
throughout the working day. This sampling strategy was considered sufficient to obtain 
a reliable estimate of the mean exposure of postural load for delivery drivers and 
garbage collectors in comparison of using 6 x 1 0  minute recording periods (Van der 
Beek, Bongers et al., 1995). It was assumed that this sampling strategy would suffice 
for assessing the time spent performing various tasks. Five subjects worked in areas 
where volatile gases were present and so could not be video recorded. Each subject 
completed the questionnaire and was then interviewed about its usability. Subjects were 
asked to elaborate on their questionnaire responses from each section. Any comments 
and suggestions were recorded.
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4.4.1 Questionnaire amendments as a result of the pilot study
Changes were made to the questionnaire in order to improve its usability. Changes 
were not made to the question items or scales in any sections that had been previously 
validated in the literature to avoid altering psychometric properties.
It was made clear on the questionnaire that BOC management would not have access to 
the information. Questions concerning job rotation were eliminated, as they were 
ambiguous and not easily interpreted. Examples were given for work site and main 
tasks in the personal and general information section. All opening section instructions 
and examples were scripted in italics to distinguish them from actual questions.
Horizontal dividing lines were added to the work activity section so that the association 
between each question and each illustration was made clearer. The back sheet 
describing the researchers and the project was shortened to include issues on 
confidentiality, funding and research persons only.
Some subjects (see appendix F) did not easily interpret items (6) and (12) from the work 
organisation section of the questionnaire. However, these items were not modified as 
this may have altered the psychometric properties of the workload and responsibility 
scale. In any event, these scales were not used for exposure classification in the main 
study. These scales were included for reasons beyond the scope of the Ph.D. study.
An item was included for the number of ratchet operations performed - item (15) of the 
work activities section - as a result of findings from the pilot study. It was believed that 
the physical exposure from this task would not have been detected in the survey 
otherwise.
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4.4.2 Jobs classified into low and high risk of WMSDs
Based upon the generic assessments, focus groups, signal risk factor checklists and the 
pilot questionnaire study, potential occupational groups were classified into low/high 
physical and psychosocial exposure groups.
Figure 13 shows examples of some jobs from which individuals may be classified as at 
risk from high physical and high psychosocial exposure. Most jobs involving gas 
deliveries or the filling of gas cylinders required repetitive lifting of different cylinder 
weights and driving in the former case. Video analysis (using the 4 x 10 minute 
sampling strategy) of the driving jobs showed that the drivers tended to spend greater 
than thirty-five percent of the working day driving and greater than thirty percent of the 
time manual handling or lifting. These values were probably subject to within and 
between worker variation. The remaining time was spent with administration duties.
Figure 14 shows examples of jobs from which individuals may be classified as at risk 
from high physical and low psychosocial exposure. Workers who tested cylinders for 
corrosion and reconditioned cylinders may fall into this classification group as well as 
some technicians and cylinder shop workers. The Cryospeed operator performed 
deliveries of liquid nitrogen but many deliveries were performed using trolleys with 
relatively lighter loads and more recovery breaks were taken compared to other delivery 
drivers.
Figure 15 shows examples of jobs from which individuals may be classified as at risk 
from low physical exposure and either low or high psychosocial exposure. Customer 
service advisors performed sedentary office computer work and communicated with 
customers regarding gas deliveries. The front office constantly received incoming calls 
and dealt with orders and quick queries. The back office administrated longer-term 
queries from customers. This group dealt with far fewer calls. There were very few
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opportunities to leave the workstation during the course of the day for the front and 
back office. The back office did have greater opportunities than the front office.
The exposure classifications were rudimentary but at least provided evidence that there 
were sufficient occupational groups available that might allow classification of 
individuals into low and high exposure groups.
Data were collected using the risk factor checklists before collecting data from the pilot 
questionnaires. For the jobs shown in figures 13 to 15, the physical exposure grouping 
for the OSHA signal risk factor checklist and the pilot questionnaire were in good 
agreement. The psychosocial exposure grouping by job title using the NIOSH 
psychosocial risk factor checklist (see appendix E, items I, N and O) showed poor 
agreement with the psychosocial exposure section of the pilot questionnaire.
Observation methods can only assess work organisation factors and, by definition, 
cannot assess psychosocial work factors as the data collected lacks any measure of 
worker perception. The observer was also limited to a brief period of observation that 
may have affected the accuracy of assessment. Additionally, one item was used to 
assess each psychosocial factor -social support, job control and mental demands. The 
constructs of these factors in the pilot questionnaire were multidimensional. Therefore, 
what the observer was assessing and what the worker perceived may have been two 
separate constructs.
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Figure 13 Jobs that may constitute high physical and high psychosocial risk.
H igh Physical/H igh Psychosocial R isk
BOC Industrial Driver
Medispeed Driver
Sureflow Driver
Sureflow Filler
Industrial Filler
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Figure 14 Jobs that may constitute high physical and low psychosocial risk.
High Physical/Low Psychosocial Risk
Cryospeed O perator
Vehicle maintenance Industrial Test
Technician Shop O perator
Sureflow 
Test Shop 
Operator
Gas & G ear W orker
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Figure 15 Jobs that may constitute low physical risk and low/high psychosocial risk.
Low Physical/High Psychosocial Risk
Customer Service
(Back Office)
Low Physical/Low Psychosocial Risk
Customer Service 
(Front Office)
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4.4.3 Quantitative data collection
Measurements of force during the performance of different manual handling tasks were 
recorded using a Salter force gauge (maximum range 0-500 Newtons)(Salter Industrial 
Measurement Ltd, West Bromwich, England). The force gauge was calibrated using a 
known fixed weight in the laboratory before and after measurements were taken during 
the pilot study. No adjustment was necessary. Photographs and video were used to 
estimate body postures during the performance of different manual handling tasks by 
measuring angles with a protractor with the direction of trunk motion perpendicular to 
the plane of the image. During suboptimal conditions for obtaining viewing angles, 
such as staircases, observation was used rather than using the photograph to obtain 
angle measurements. Previous research has shown observations to produce more 
accurate angles than photographs under such conditions (Douwes & Dul, 1991; Paul & 
Douwes, 1993). The data were entered into a two dimensional static biomechanical 
model to estimate back compression forces for different manual handling tasks (Chaffin 
& Andersson, 1991). These data were calculated for another study (Devereux, Grainger 
et al., 1998) (see appendix J) and so are not reported here in detail but in summary.
Manual handling gas cylinders down staircases increased the compression load on the 
lumbosacral joint by a factor of 4 compared to manual handling the same 2 cylinders 
with the aid of a trolley on level ground.
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4.5 Validating the instrumentation/observation methods for Phase III
The instruments used for obtaining objective data for physical and psychosocial 
exposures had to be piloted and tested to ensure reliable collection of data during phase 
III (the instrumentation study).
4.5.1 Validation of the pen-paper method for assessing physical exposure
A pen-paper method was designed to allow easy and rapid recording of information on 
the frequency of lifting, the time spent driving, the number of ratchet operations and the 
time spent sitting for each sampling period. Each draft was tested using video taken 
during the pilot study showing a delivery driver manual handling gas cylinders. The 
task of data collection was simulated to provide information on how the exposure tool 
could be improved. The final version of the exposure tool (see appendix A) was tested 
and practised on a set of video recordings of Sureflow delivery drivers performing 
cylinder deliveries.
4.5.2 Validation of the instrument method used for assessing posture
The instrumental method used for validating posture was reviewed in section 3.2.2. The 
validity of the Biometrics electrogoniometer model XM180B for providing angle 
measurements was tested under static and dynamic conditions in the laboratory using a 
pivot ruler and an attached manual goniometer. The validity of the electrogoniometer 
was also tested under dynamic conditions in the laboratory by having a subject perform 
a simulated cylinder handling operation.
The SIMI video motion analysis system (SIMI Reality Motion Systems GmBH,
Munich, Germany) was used to provide a measure of concurrent validity under dynamic 
conditions. The SIMI system has been proven to be accurate and reliable for assessing 
high speed movements in three dimensional space (Spearman R=0.99) (Klein, 1994) but
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depends on the quality of the video information collected, as with all video analysis 
systems.
Condition 1-static conditions using the ruler
A goniometer was attached to the side of a 50 cm hinged ruler with the axis of rotation 
of the goniometer directly over the axis of rotation of the hinge on the ruler. The 
goniometer provided a real time observable angular measurement of the angle 
subtended by the ruler. The electrogoniometer was calibrated on a horizontal surface 
before being attached to the midline of the ruler with the spring of the 
electrogoniometer bisected at the hinge j oint.
The data were collected on the data logger (Biometrics model DL 1001) using 2 
channels -  one for forward flexion/extension and the other for lateral flexion. Lateral 
flexion was measured to observe any changes in this angle measurement due to cross­
talk from the other channel. The sampling rate was set at 20 samples per second. The 
materials used for attaching the electrogoniometer to the ruler were identical to those 
used by others (Boocock, Jackson et al., 1994). The ruler was secured in a vice to 
prevent any movement of the ruler during data collection. Figure 16 shows the 
experimental conditions for assessing the validity of the electrogoniometer for 
measuring static forward flexion angles.
An angular step function was used to compare the goniometer and electrogoniometer 
readings. Each step angle lasted for approximately one minute and was measured using 
an electronic stopwatch (RS Components, Cambridge). The ruler was moved to the 
next step angle just before the full minute was completed as it took approximately 5 
seconds to accurately reach the next predefined step.
The reverse side of the electrogoniometer was mounted on to the ruler to test the 
validity for measuring extension angle. The same procedures were used as for forward 
flexion.
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Condition 2- dynamic conditions using the ruler
The electrogoniometer, goniometer and ruler were used with the SIMI motion analysis 
system to validate the electrogoniometer under dynamic conditions for forward flexion. 
It was assumed that the validity in this direction was no different to the validity in 
hyperextension.
Figure 16 Static measurement angle testing using the goniometer and electrogoniometer.
Condition 1
The data are recorded on the 
data logger at 20 samples/sec
A Hi8 videocam with a 3-Watt lamp mounted on a secure tripod was used to record the 
video images. The video arrangement was optimised to provide the best video quality 
as possible of the two white plastic endblocks of the electrogoniometer. The 
electrogoniometer was calibrated on a flat surface and was then placed on the ruler test 
rig. The activation of the electrogoniometer data logger was also video recorded so that 
the angular data from the SEMI and electrogoniometer could be compared sample by 
sample. The data logger was taped in black and the pointer was taped in white to 
provide maximum video image contrast. A 2-dimensional calibration frame of length 
35 cm and width 32 cm was used to calibrate the movement envelope of the ruler.
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The sample rate of the datalogger was set to 50 samples per second. Both fields of each 
25 Hz video frame were scanned and digitised to provide an angular measurement at 50 
samples per second. The video data were captured onto computer using a Pentium 133 
MHz computer with a video overlay board (Fast Technologies, London) which had been 
optimised before video image capture to provide maximum video quality and to reduce 
the probability of video frames being dropped during the video capture process.
The inside comers of each endblock were digitised using a mouse to provide a line 
running the length of each endblock. The internal mouse rollers were cleaned 
beforehand to optimise precision during digitisation. The angle subtended between the 
two lines would be the difference between the angle measured by the electrogoniometer 
and 180 degrees. Figure 17 and 18 illustrates the method of synchronisation and 
digitisation respectively.
Each frame was digitised manually at 200% magnification with no computer assistance. 
The video frame could be digitised pixel by pixel at this magnification. After the video 
recording sequence had been digitised, each half frame was verified and edited, if 
necessary, to improve precision. The angles measured by the electrogoniometer were 
not seen before the video had been digitised to reduce any experimenter bias. Rest 
breaks were taken for 20 minutes for every half-hour of digitisation to maintain 
concentration and accuracy.
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Figure 17 View of the video camera image showing the start synchronisation sequence of the data 
logger for the dynamic validity testing of the electrogoniometer - condition 2.
Figure 18 Video camera image of the movement of the ruler and electrogoniometer through 
forward flexion - condition 2.
Condition 3-dynamic conditions using a subject
A subject performed a simulated movement of a cylinder-lifting task. The 
electrogoniometer was attached to the subject using the most suitable methods as 
previously specified (Boocock, Jackson et ah, 1994) and the attachment sites are shown 
in figure 19.
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Anatomical landmarks were identified using the procedures described by Burton (1986). 
The subject was seated in a partially flexed position while all the anatomical locations 
were identified.
The longer endblock was attached directly over the spinous process of the first and 
second sacral vertebrae. The location of the spinous process of the second sacral 
vertebra was located by bisecting a line drawn between the lower palpable borders of 
the posterior superior iliac spines. Only the upper 4cm of the longer endblock was 
taped down so that the endblock maintained an angle relative to these vertebrae and was 
not displaced during spinal flexion.
The shorter endblock was positioned over the spinous process of the twelfth thoracic 
vertebra. This landmark was located by identifying the spinous process of the fourth 
lumbar vertebra - by bisecting a line joining the highest points of the iliac crests - and 
then counting up from this mark by palpation to the twelfth thoracic vertebra.
Hypafix surgical tape was attached to the back surface. This was inelastic tape which 
limited the effects of skin distension and was unaffected by moisture over lengthy 
periods of data collection. Self-adhesive Velcro fastening was used to secure the 
electrogoniometer to the surgical tape. This allowed easy removal and identification of 
the landmark position. A further strip of surgical tape was placed perpendicular to the 
axial plane of the electrogoniometer.
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Dynamic postures were recorded using a 3 dimensional camera array and a calibration 
envelope of 1 m3 as shown in figure 20. Video tests were performed to optimise the 
quality of the video data during captures. Forward bending during the task was 
analysed using camera 1 in a 2-dimensional analysis. Cameras 2 and 3 were not utilised 
to reduce the time and complexity of the analysis. Forward bending was only validated 
using condition 3 as it was the measure of interest in the epidemiological study. The 
other cameras were used to perform further analysis at a later date. The video capture 
process was the same as condition 2. Two points were digitised for each endblock.
Camera 3 
for 3D analysis
Calibration
cube Lateral 
flexion 
camera 2
Forward 
flexion 
camera 1
Figure 20 Condition 3 experimental layout for dynamic validity testing.
4.5.2.1 Data analysis
For condition 1 the electrogoniometer data stored on the data logger were downloaded 
into the Biometrics electrogoniometer software version 3.03 (Biometrics Ltd., Gwent, 
U.K.). The angle measurements were taken from the cursor readings for each channel 
and the average angular deviation was calculated by taking the square root of the square 
of the mean differences. This is a measure of the agreement between the 
electrogoniometer method and the goniometer method.
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For condition 2 angular measurements from SIMI and the electrogoniometer were 
assessed for synchronisation errors and then imported into Statistica version 4.5 
(StatSoft Inc., Cambridge, U.K.) where the average angular deviation and the Pearson 
product-moment correlation could be calculated.
For condition 3 each data set from the two measurement systems was recoded to 
produce the measurements of angle and were then imported into Statistica version 4.5 to 
produce each graph.
4.5.3 Results 
Condition 1
The graphs in figures 21 and 22 show the output from the electrogoniometer for the step 
test function shown in each adjacent table. The angles in the table were measured using 
the goniometer attached to the ruler. Any time delays were due to experimenter error as 
a short period of time elapsed between adjusting the ruler and noting the time of the 
adjustment. The average angular deviation between the goniometer and 
electrogoniometer for forward flexion was 1.3 degrees. The average changes in lateral 
flexion angle as a result of changes in forward flexion angle was 3.4 degrees.
Angular differences between the goniometer and electrogoniometer were probably due 
to the relatively poor sensitivity of the goniometer device as the angles were scaled at 
every 15 degrees with three divisions. There was very limited cross talk from each 
channel of the electrogoniometer through the step functions.
The goniometer and the electrogoniometer showed good concurrent validity for 
measuring angular deviation in the sagittal plane under static conditions.
142
Condition 2
Figures 23 and 24 show the angular measurements recorded for forward and lateral 
flexion using the SIMI system and the electrogoniometer. The plots from each device 
match each other very closely. For forward flexion the average angular deviation 
between the electrogoniometer and the SIMI system was 1.7 degrees. The Pearson- 
product moment correlation coefficient was equal to one at the p<0.05 level of 
significance. For lateral flexion the average angular deviation between the 
electrogoniometer and SIMI system was 1.95 degrees. The Pearson-product moment 
correlation coefficient was equal to one at the p<0.05 level of significance.
The results show that there was sufficient concurrent validity between the SIMI video 
motion analysis system and the Biometrics electrogoniometer XM180B under dynamic 
conditions.
Condition 3
Figure 25 shows that the angular deviation was very similar for both measurement 
systems. The accuracy could have been greatly improved using the SIMI video motion 
system if the cameras had been placed closer to the subject. This would have required a 
smaller calibration frame.
Additionally the speed of subject movement should have been slower so that the output 
from the SIMI would have more closely matched the output of the electrogoniometer. 
This was because the data logger for the electrogoniometer sampled at 50 Hz whereas 
every half-frame from the video recording was used at 25 Hz. The data logger could 
not sample at 25 Hz. It was believed that as the speed of subject movement increased 
the sampling error between the two outputs also increased. None the less, the two 
measurement systems did demonstrate a similar deviation in angle.
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4.5.4 Conclusion of instrumentation validity
The electrogoniometer model XM180B demonstrated concurrent validity with the 
goniometer and SIMI video motion analysis system for measuring lumbar spine forward 
and lateral flexion in static and dynamic postures respectively.
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Figure 23 The results of condition 2 for dynamic forward flexion.
SIMI and Electrogoniometer Comparison for Forward Flexion on the Ruler 
50 samples per second
65
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Samples
The results of condition 2 for dynamic lateral bending.
SIMI and Electrogoniometer Comparison for Lateral Bending on the Ruler 
50 samples per second
100
-20
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700
Samples
Figure 25 The results of condition 3 showing the outputs from the electrogoniometer and the SIMI 
system.
Subject Performing Forward Flexion and Recorded using the Electrogoniometer 
Sampling rate 50 Hz
C/3
0303
CT>03
T 3O
50 1000 200150
Samples
Subject Performing Forward Flexion and Recorded Using SIMI 
Camera speed at 25 Hz using each half frame to give 50 Hz
03Q.
030)
500 100 150 200
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4.6 Experimental field work
This section describes the procedure and methods used to test the validity of the survey 
questionnaire.
The risk estimates obtained from epidemiological surveys can be under or over­
estimated due to misclassification of exposure and outcomes (Checkoway, Pearce et al., 
1989). Accurately assigning individuals from a cohort into exposure categories is 
dependent on the validity of the measures used to determine their assignments. 
Therefore, it is important to minimise misclassification biases by using reliable and 
valid exposure measures.
The ability of the questionnaire items to classify individuals into low/high physical and 
psychosocial exposure groups was tested. The methods and strategies used are 
summarised in figure 26.
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Figure 26 A summary of the methods and strategy used to validate each exposure item and the 
measurement protocol.
Day 1
Exposure Dimension Method Strategy
Forward bending
Duration of working 
day spent between 
20-60° and >60°
2D electrogoniometer 
attached to the 
lumbar spine
6 x 1 0  minute samples 
throughout the day
Time spent sitting and 
experiencing whole 
body vibration
Duration of working 
day Electronic timer
Continuous monitoring 
throughout the day
Lifting 
6-15 kg 
16-45 kg 
> 45 kg
Frequency of lifts per 
hour
Observation using a 
pen and paper method
6 x 1 0  minute samples 
throughout the day 
and also monitoring 
continuously through 
the day
Sitting Duration of working day Electronic timer
6 x 1 0  minute samples 
throughout the day
Psychosocial factors Present perceptions Structured interview After completing all deliveries
Day 2
Subjects returned the questionnaire by the following morning 
Responses were checked
Questions were asked regarding the interpretation of the questions and responses.
Postural items on the questionnaire were validated using a 2-dimensional 
electrogoniometer (Biometrics model XM180B). Pen and paper based methods for 
recording dynamic postures were not used as there was evidence to suggest that such 
methods were unreliable for observation of such postures (Baty, Buckle et al., 1986; 
Burdorf, Derksen et al., 1992; De Looze, Toussaint et al., 1994). Additionally, observer 
bias would be pronounced due to the fact that other information was also being 
collected using pen-paper methods and would have placed too many cognitive demands 
on the observer.
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4.6.1 Subjects
Subjects were randomly selected from the following 2 jobs that were included in the 
survey -  Sureflow Drivers (N=6, median age range 36-40 years) and Customer Service 
Advisors (N=6, median age range 26-30 years) were selected from 2 sites. All subjects 
were male. Jobs were selected on the basis of providing subjects that were potentially 
classified into high/low physical and psychosocial exposure groups. This would satisfy 
the main objective of evaluating whether the questionnaire items could accurately 
classify subjects into the true exposure group.
4.6.2 Measurement strategy
Data were collected over a period of 2 days for each subject. For day 1 (see figure 26) 
the aim was to collect objective exposure data for most items on the questionnaire. 
Physical exposure data were collected during six randomly selected periods and each 
period lasted for 10 minutes. This measurement strategy has been shown to produce 
results that are representative of the postural load for the whole working day for 
dynamic work tasks (Van der Beek, Kuiper et al., 1995).
Psychosocial exposure data were collected towards the end of day 1 after the physical 
exposure data had been collected. This was to ensure that observer bias was minimised 
during physical exposure data collection as the observer was blinded to the psychosocial 
profile and the outcome status of each subject.
For day 2 the aim was to collect data from the questionnaire which asks about physical 
and psychosocial exposures for the previous day i.e. day 1. Subjects were also asked 
about their responses to the outcome section at this time. No assistance was given to 
subjects concerning questionnaire completion.
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4.6.3 Physical exposure assessment
Each Sureflow driver was accompanied on deliveries for a whole day during which time 
data were collected using the measurement strategy shown in figure 26. Before 
beginning deliveries each subject was asked to provide his informed consent for the 
experiment and was then prepared for the electrogoniometer placement later during the 
day when data samples were collected.
The hypafix tape was attached to the subject and the velcro fasteners were placed at the 
required anatomical locations (a detail of the attachment methods and anatomical 
locations is given in section 4.5.2.1). Recordings of posture were not taken during 
driving as it was determined from pilot tests in the lab that there was a high risk of the 
electrogoniometer being damaged and discomfort might ensue. This was because the 
longer endblock was positioned between the buttocks.
Before each data recording the electrogoniometer was calibrated on a flat surface and 
was then attached to the lower back. A measurement of the lumbar curvature for each 
subject was taken to determine the offset for each subject before the subject began 
manual handling. Lifting frequency for each weight class was also recorded over the 
whole working day to determine whether the exposure measurement strategy provided 
data that were representative of the whole working day for lifting. One Sureflow driver 
was recorded for the whole day using the electrogoniometer for all deliveries to get an 
indication of whether the sampling strategy accurately represented the true postural 
load. This was not possible for the other drivers because of safety reasons.
For observations, a lift was defined as the movement of the base of a gas cylinder to a 
higher vertical level. If two cylinders were lifted simultaneously then this constituted 
one lift at a load equivalent of the weight of two cylinders. If one cylinder was picked 
up then another was picked up immediately after, this constituted two lifts each at the 
load equivalent to one gas cylinder. Cylinders being dragged or transported using a 
trolley did not constitute a lift.
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Each customer service advisor provided informed consent before experimentation 
began. Subjects were observed in a cyclic manner throughout the day using the 
exposure measurement strategy shown in figure 26. The electrogoniometer attachments 
were prepared for each subject before experimentation as for Sureflow drivers. For 
each sample the electrogoniometer was calibrated on a flat surface and the lumbar 
curvature was determined when the subject was seated and sitting upright.
The mounting of the electrogoniometer was reversed so that data could be collected 
without excessive risk of damage to the equipment or without loss of accuracy. Figure 
27 shows the attachment of the electrogoniometer in this fashion.
Figure 27 Electrogoniometer attachment on to seated workers.
HHH
4.6.4 Psychosocial exposure assessment procedure
A structured interview was designed to assess psychosocial work exposures. The 
questions in the interview were identical to the items in the work organisation section of 
the questionnaire. The order in which the questions were asked was also identical to the
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ordering in the questionnaire. The interview used a standard approach taken from 
Armstrong, White et al.(1994) and follows:
• The questions were read exactly as they were worded in the questionnaire
• Each question was read slowly
• Intonation and emphasis was standardised for each question
• The questions were asked in the order in which they were laid out in the 
questionnaire
• The same questions were asked for each subject
• Questions that were misheard or misunderstood were repeated in full
• Non-biased probing was used
• Any instructions given to the subject were standardised
• Responses were recorded if they were understood
• Responses were not inferred for an incomplete or inadequate answer
• All responses were recorded on paper during the interview
• The respondents own words and answers were recorded verbatim
• Any questions for which the subject refuses to answer were marked as “refused”.
After the response for a question was obtained, the subject was asked to rate the 
question on a scale that was identical to the scale in the survey questionnaire for that 
item. The number of times the question was repeated and the probes used were also 
recorded. Questions on age, gender and years spent in the job were also asked and 
verified using company personnel records. The personnel department acknowledged 
whether the statement given was true or false only in order to maintain data protection 
and security. Subjects were asked whether the physical or psychological work had 
changed in any way since the time of the survey.
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4.6.5 Statistical analysis
The self-report exposures collected on day 2 were compared with the exposures 
measured with instrumentation on day 1. The medians and Spearmans rank order 
correlation coefficient provided measures of agreement. The gamma (G) statistic was 
additionally calculated to provide a measure of agreement and to compensate for many 
ties in the data (Siegal & Castellen, 1988). The interval data from objective measures 
were recomputed into ordinal data for comparison with the ordinal scales of 
measurement for the self-report exposure variables and the calculation of the 
nonparametric statistics. The use of these statistical methods has been used for similar 
work (Viikari-Juntura, Rauas et al., 1996). A matrix was used to assess the degree of 
exposure misclassification using the questionnaire compared to the assumed “true 
exposure” (Armstrong, White et al., 1994). For psychosocial exposure, the sensitivity 
and specificity were calculated from the 2 x 2 exposure matrix.
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CHAPTERS
RESULTS OF THE EXPERIMENTAL FIELD WORK
5.1 Introduction
This section describes the results of the experimental field work that was performed to 
assess the validity of the self-report questionnaires. They were required to provide 
sufficient contrast between low and high exposure groups. This study phase (phase III) 
was completed after the survey phase (phase II) rather than at the same time as phase II 
because of equipment availability.
5.2 Physical exposure misclassification
Table 23 shows the exposure rating* for each physical exposure classification criterion recorded 
using the questionnaire (Quest.) and the instrument (instrum.) or observation (observe) method for 
each subject.
Subject Lifting 6-15 kg 
(12)*
Lifting 16-45 kg 
(13)
Lifting > 45 kg 
(14)
Sitting
(5)
Vibration
(6)
Quest. Observe Quest. Observe Quest. Observe Quest Instrum. Quest. Observe
Sureflow
drivers
1 4 4 4 5 3 1 3 3 2 1
2 4 3 3 5 1 3 3 3 1 1
3 3 3 2 5 1 1 2 3 1 1
4 5 4 5 5 3 1 4 3 1 1
5 3 4 3 5 2 1 4 4 1 1
12 5 5 5 5 1 1 4 3 1 1
Office
workers
6 1 1 1 1 1 1 6 6 2 2
7 1 1 1 1 1 1 6 6 2 2
8 1 1 1 1 1 1 6 6 2 2
9 1 1 1 1 1 1 6 6 2 2
10 1 1 1 1 1 1 6 6 2 2
11 1 1 1 1 1 1 6 5 2 2
* Number in brackets is the questionnaire code number for the work activities section
Ordinal scale for lifting exposures
1: Not at all
2: < Once per hour
3: 1-10 times per hour
4: 11-30 times per hour
5: > 30 times per hour
Ordinal scale for Sitting 
1: Not at all 
2:1/10th time 
3: 1/4 time 
4: 1/2 time 
5: 3/4 time
6: Almost all the time
Nominal scale for vibration 
1: Yes 
2: No
Table 23 shows the raw data for the variables used to classify low and high physical 
exposure using the self-report instrument and using observation or instrumentation. 
Subjects 1-5 and 12 were Sureflow drivers and subjects 6-11 were office workers.
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There was not a distinguishable pattern of over or under-estimation of lifting frequency 
for loads weighing 6-15 kg. Four of the six Sureflow drivers under-estimated the lifting 
frequency for the 16-45 kg weight category. This was probably due to subjects not 
recognising that cylinders were placed on the ground and lifted up again when opening 
doorways or sorting cylinders on the vehicle. Additionally, when lifting two cylinders, 
one would be lifted slightly before the other in most instances. Subjects may also count 
this as one lift when in fact two lifts had occurred. Three out of the six delivery drivers 
overestimated the lifting frequency and one underestimated the lifting frequency for the 
>45 kg weight category. This may be due to subjects being unclear about the weight of 
the larger cylinders being lifted.
All delivery drivers and office workers were asked, during the interview, their 
interpretation of lifting a gas cylinder and dragging a gas cylinder. All subjects were 
able to distinguish the fact that lifting meant raising the base of a cylinder off the 
ground and dragging meant moving the cylinder across ground with the base of the 
cylinder in contact with the ground. Therefore, the lifting questions were clearly 
understood.
The consistency of responses for lifting, sitting and vibration between self-report and 
observation/instrumentation in office workers was expected due to the sedentary nature 
of the work being performed. Subjects were not able to leave their workstation very 
often because the task was to answer incoming calls without delay.
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Table 24 shows the exposure rating for flexed posture in the sagittal plane recorded using a 
questionnaire and instrumentation (instrum.) for each subject.
Subject Flexed posture 20-60° 
(1)*
Flexed posture > 60° 
(2)
Quest. Instrum. Quest. Instrum.
Sureflow
drivers
1 5 3 3 1
2 3 2 2 1
3 3 2 2 1
4 5 3 3 1
5 2 4 2 1
12 4 3 2 1
Office
workers
6 4 1 1 1
7 5 1 1 1
8 2 1 1 1
9 3 1 2 1
10 3 1 1 1
11 5 1 2 1
* Number in brackets is the questionnaire code number for the work activities section
Ordinal scale for posture 
1: Not at all 
2: 1/1 Oth time 
3:1/4 time 
4: 1/2 time 
5: 3/4 time
6: Almost all the time
From table 24, five of the six delivery drivers and all six office workers overestimated 
the amount of time spent within a postural range of 20-60 degrees. All six Sureflow 
drivers over-estimated the amount of time spent within a postural range greater than 60 
degrees. The poor consistency of posture between self-reports and instrumentation data 
for both occupational groups suggested that misclassification of exposure may have 
occurred in the cross-sectional survey if these postures were to have been used as 
exposure classification criteria. The data justified the decision to exclude posture as a 
physical exposure criterion for this study.
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Table 25 shows the median of the questionnaire and observed/instrumented rating of the exposure
variables for Sureflow drivers and office workers.
Variable Sureflow workers (N=6)
Office workers 
(N=6) rs G p-level
Questionnaire Observed Questionnaire Observed
Lifting 6-15 kg 4.0 4.0 1.0 1.0 0.95 0.95 0.000
Lifting 16-45 kg 3.5 5.0 1.0 1.0 0.93 1.00 0.000
Lifting > 45 kg 1.5 1.0 1.0 1.0 -0.17 -1.0 0.592
Sitting 3.5 3.0 6.0 6.0 0.91 1.0 0.000
Vibration 1.0 1.0 2.0 2.0 0.85 1.0 0.001
Posture 20-60° 3.5 3.0 3.5 1.0 0.0 0.03 1.000
Posture >60° 2.0 1.0 1.0 1.0 -- -- -
Spearman rank order correlation (rs) and gamma statistic (G) between the questionnaire and 
observation/instrumentation ratings for both occupational groups
Table 25 shows that there was excellent agreement between questionnaire and 
observation for lifting frequency except for lifting greater than 45 kg. There was also 
excellent correlation for vibration during sitting and the amount of time spent sitting. 
The correlations rs and G for posture 20-60° between the methods of data collection was 
very poor. Correlation statistics for posture > 60° could not be calculated as there was 
insufficient variability in the observed data.
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5.2.1 Physical exposure misclassification matrix
Table 26 shows the misclassification matrix for subjects classified with respect to physical exposure 
for both questionnaire and observation methods. The proportions are shown in brackets.
Observation
Questionnaire
Low
Medium
High
Total
Low
6 (1)
Medium High
6(1) 0 0
0 0 1 (0.17)
0 0 5 (0.83)
6 (1)
For table 26 the diagonal cells quantify the proportions (in brackets) correctly classified. 
A measure is perfect when all the diagonal cells are all one.
The diagonal cell for the low -  low cell was one, indicating perfect agreement between 
classified exposure using the questionnaire and true exposure using the 
observation/instrumentation methods. The diagonal cell for the high -  high cell was 
0.83 indicating a good agreement between classified exposure using the questionnaire 
and true exposure using the observation/instrumentation methods. Subjects not 
classified low or high physical exposure were classified medium physical exposure 
instead of being misclassified as low physical exposure using a conventional 2 x 2  
epidemiological design.
The questionnaire was able to correctly classify subjects into low and high physical 
exposure groups using observation/instrumentation measurements to represent the true 
exposure.
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5.3 Psychosocial exposure misclassification
Tables 27 to 29 show the raw psychosocial exposure data for mental demands, job 
control and social support comparing responses recorded using the self-report 
questionnaire and the structured interview. These psychosocial work factors were used 
for exposure classification. The full description for each item can be found in section
2.9.2.1 or see the questionnaire in appendix F. The response for each item forming each 
psychosocial work factor is listed for each subject. Subjects 1-5 and 12 were Sureflow 
drivers (SSPs) and subjects 6-11 were office workers.
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Table 30 The medians and correlation statistics for the questionnaire and interview ratings of the
mental demand exposure variables for Sureflow drivers and office workers.
Mental Demands Sureflow workers (N=6)
Office workers 
(N=6) rs G p-level
Questionnaire Interview Questionnaire Interview
Concentration 1.0 1.0 1.0 1.0 0.35 0.64 0.267
Remember 1.0 1.5 1.0 1.0 0.70 1.00 0.012
Mind 1.0 2.0 2.0 2.0 0.69 1.00 0.012
Workdone 3.0 2.5 3.5 3.0 0.37 0.50 0.234
Wander 4.0 3.5 4.0 4.0 0.07 0.09 0.828
Spearman rank order correlation coefficient (rs ) and gamma statistic (G) and between the questionnaire 
and observation/instrumentation ratings for both groups
Table 30 shows the comparison of the median scores for each occupational group 
obtained from responses from the self-report questionnaire and the structured interview 
for each item of exposure for mental demands. The exposure items for mental demands 
showed good agreement (as noted from rs and G measures of agreement) between the 
two measurement methods except for the wander item. There were not any notable 
differences between medians for each item for both occupational groups. There were 
some instances where an item was misinterpreted and resulted in an extreme opposite 
response as exemplified for subject 11 for the concentration items and subjects 2, 3 and 
12 for the wander item (see table 27). The presumed misinterpretation of the wander 
item was relatively frequent and would explain the poor agreement measures for 
comparing methods.
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Table 31 The medians and correlation statistics for the questionnaire and interview ratings of the
job control exposure variables for Sureflow drivers and office workers.
Variable Sureflow workers (N=6)
Office workers 
(N=6) rs G p-value
Questionnaire Interview Questionnaire Interview
Variety 2.5 3.0 2.0 2.0 0.62 0.73 0.031
Order 4.0 5.0 3.0 3.5 0.92 1.0 0.000
Pace 4.0 5.0 2.5 3.5 0.69 0.73 0.013
Decisions 2.0 2.0 1.5 1.0 0.42 0.55 0.172
Done 3.0 2.0 2.0 1.5 0.70 0.80 0.011
Policies 2.0 2.5 2.5 1.5 0.31 0.38 0.320
Spearman rank order correlation coefficient (rs ) and gamma statistic (G) between the questionnaire and 
observation/instrumentation ratings for both groups
Table 31 shows the median scores for items of job control for each occupational group 
and for each method of assessment. There was fairly good to excellent agreement for 
the exposure items. The order item showed the highest correlation (rs =0.92). For 
policies there were many tied ranks and an outlier which may have affected the 
agreement statisitics.
There were not any notable patterns between medians for each item except that median 
scores for Sureflow workers were higher than for office workers for the order and pace 
items. This may reflect the ability of Sureflow drivers performing deliveries to control 
their delivery plan and have greater control over their pace of work compared to office 
workers answering customer calls for most of the time.
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Table 32 The medians and correlation statistics for the questionnaire and interview ratings of the
social support exposure variables for Sureflow drivers and office workers.
Variable Sureflow workers (N=6)
Office workers 
(N=6) rs G p-value
Questionnaire Interview Questionnaire Interview
Bossl 3.0 3.0 2.5 2.5 0.65 0.86 0.023
Boss2 2.0 2.5 2.5 2.0 0.54 0.65 0.071
Boss3 2.5 2.0 2.0 2.0 0.85 1.00 0.001
People 1 2.0 1.0 2.0 2.0 0.61 0.86 0.035
People2 1.0 1.0 2.0 1.5 0.56 0.83 0.056
People3 1.5 1.0 2.0 2.0 0.85 1.00 0.001
Spearman rank order correlation coefficient (rs ) and gamma statistic (G) between the questionnaire and 
observation/instrumentation ratings for both groups.
Table 32 shows the median scores for items of social support for each occupational 
group and for each method of assessment. The agreement between the two 
measurements for each supervisor and coworker support item was excellent. The 
number of ranked ties accounted for the differences in agreement between the 
unadjusted Spearman correlation and the adjusted gamma statistic. There were not any 
consistent differences between median scores for each occupational group.
5.3.1 Psychosocial exposure misclassification matrix
Table 33 shows the misclassification matrix for subjects classified with respect to psychosocial 
exposure for both questionnaire and interview methods. The proportions are shown in brackets.
Interview
Low High
Questionnaire
Low
High
Total
5 (0.56) 0
4 (0.44) 3(1)
9(1) 3(1)
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The sensitivity of the exposure measure is the proportion of cases who truly have the 
exposure and are classified as exposed. The misclassification matrix in table 33 shows 
that the sensitivity was 1 i.e. the questionnaire was able to correctly classify all subjects 
into a high exposure group.
The specificity is the proportion of cases who are truly unexposed and are classified as 
unexposed. The misclassification matrix shows that the specificity was 0.56.
The sensitivity and specificity can range from 0 to 1 and it was assumed that the sum of 
the sensitivity and specificity are greater than or equal to one for an instrument to be 
considered a measure of exposure (Armstrong, White et al., 1994). This criterion was 
achieved, thus, the questionnaire was able to sufficiently classify individuals into high 
and low physical and psychosocial exposure groups.
5.4 Sampling strategy evaluation
One Sureflow driver was sampled, with the electrogoniometer, fourteen times with each 
sample lasting 10 minutes in order to assess whether the sampling strategy represented 
the true postural load. Each sample was recorded during a delivery and there were 14 
deliveries for that day. Table 34 shows the total amount of time spent in each postural 
range using a 6 x 10 minute sampling strategy compared to a 14 x 10 minute sampling.
The differences in the percentage of the time spent in the different postural ranges were 
very similar. Therefore, using a sampling strategy with more samples than six was not 
justified. The interpretation is limited, as only one subject was able to be used to collect 
postural data for each delivery in a working day.
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Table 34 shows the amount of time and percentage of the total sample time spent in each postural
range and for each sampling strategy.
Postural Range
6 x 1 0  Minute
Sampling
Strategy
Proportion of the 
Total Sampling 
Time
14 x 10 Minute 
Sampling Strategy
Proportion of the 
Total Sampling 
Time
degrees minutes % minutes %
<20° 57.11 95 136 97
20-60° 2.9 5 4.5 3
>60° 0 0 0 0
Figure 28 Correlation between the sampling strategy and the true lifting frequency.
T3a
CL
E9co
Sampled Lifting Frequency vs Averaged Lifting Frequency of the Total
Lifting 6-15 Kg 
Pearson Correlation: r=  0.91
6 10 14
lifts per hour 
Averaged Lifting Frequency
Regression 
2 2  95% confid.
The frequency of lifting was sampled using a 6 x 10 minute sampling strategy but the 
number of lifts performed throughout the whole day was also collected for each subject. 
Figure 28 shows the correlation between the lifting frequency using the sampling 
strategy and the lifting frequency using the average of the total number of lifts for the 6- 
15 kg level.
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Figure 29 Correlation between the sampling strategy and the true lifting frequency.
Sampled Lifting Frequency vs Averaged Lifting Frequency of the Total
Lifting 16-45 Kg 
Correlation: r = 0.98
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-10
-10 0 10 20 30 40 50
lifts per hour 
Averaged lifting frequency
Regression 
60 70 80 95% confld-
Figures 29 shows excellent correlation between the lifting frequency using the sampling 
strategy and the lifting frequency using the average of the total number of lifts for the 
16-45 kg level.
The Pearson product moment correlation for the 6-15 kg and 16-45 kg lifting ranges 
were 0.91 and 0.98 respectively and were statistically significant at p<0.001.
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Figure 30 Individual variation between the lifting sampling strategy and the true lifting rate.
Differences in the lifting frequency estimates for 6-15 Kg and 16-45 Kg
35
30 Mean difference 9.5 
Standard deviation 11.6
25
20
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10
5 Mean difference 2.9 
Standard deviation 6.6
0
■5
Case 1 Case 3 Case 5 Case 7 Case 9 Case 11
Case 2 Case 4 Case 6 Case 8 Case 10 Case 12 °  16-45 Kg
Figure 30 shows the differences in the lifting frequency using the sampling strategy and 
the average frequency of the total number o f lifts for each weight category and for each 
case or subject. The mean differences were 2.9 lifts per hour and 9.5 lifts per hour for 
the 6-15 kg weight level and the 16-45 kg weight level respectively.
There was probably less error for the 6-15 kg weight category due to the lower 
frequency of lifting compared to the 16-45 kg weight category. The 6 x 1 0  minute 
sampling strategy was appropriate for classifying subjects into low and high physical 
exposure groups but there were large individual differences for lifting frequency.
Age and years on the job reported in the questionnaires were verified using company 
records. The self-reported age and years spent on the job were valid for all subjects. 
Gender was obvious during the interview.
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5.5 Biases in data collection
Some Sureflow workers reduced the number of deliveries for the day of assessment. As 
many as eight deliveries may have been rescheduled to another day which would have 
reduced the number of cylinders lifted during that day and also the amount of time spent 
driving. However, the self-reported lifting frequencies reflected the deliveries 
performed during the assessment so the experimentation bias did not affect the physical 
exposure classification of these subjects. It was unlikely that the psychosocial exposure 
ratings would have been affected by the bias.
The degree of observer bias was believed to be small. Sureflow drivers did not 
radically alter their work behaviour during exposure assessment because attention was 
focused on doing the job safely rather than trying to maintain upright postures etc. The 
researcher collecting the data was informed by Sureflow workers if  normal work 
behaviour was altered for any reason. Such instances were rare and it was also 
acknowledged that it was important to collect accurate data. It was also constantly 
reiterated that the investigation was not assessing subjects but was assessing the job and 
that data were seen only by the key investigator. Subjects’ comments regarding the use 
of the electrogoniometer were positive. Subjects were not aware of the presence of the 
device and could feel only the surgical tape. There was no discomfort reported by any 
of the subjects wearing the device during the investigation at any time.
There was relatively little variation in daily work behaviour for the office workers and 
so exposure biases for lifting, vibration and sitting were probably negligible. All 
subjects were asked if the work had changed in any way since the time of the survey.
All responses indicated that there was no or very slight change in the work performed 
since the time of the survey. Therefore, it was probable that the exposures assessed 
during phase III were representative of the exposures that were present during phase II 
(the cross-sectional survey).
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CHAPTER 6 
THE EPIDEMIOLOGICAL INVESTIGATION 
THE DESIGN STRATEGY
6.1 Introduction
The following chapter describes the design and analysis of the cross-sectional survey 
(alternatively known as phase II). The manner in which the data was collected is 
discussed. Strategies for improving precision and validity are explained. The three 
primary methods of data analysis for hypothesis testing are then described -  crude and 
stratified analysis and unconditional logistic regression modelling.
6.2 The study population
The study population consisted of 2 main groups that formed part of an organisation 
that employed approximately 5000 workers. The first group -  BOC Sureflow- 
comprised of workers that formed a subsidiary of the main group -  BOC Industrial 
gases. The first organisation delivered gas cylinders weighing between 7-99 kg to 
public houses for beer dispensing. Many of the cylinders delivered had to be stored 
underground in cellars where the only means of ingress and egress were via narrow and 
poorly maintained staircases or via cellar flaps which are designed for beer barrel 
deliveries. Many of the pub cellars are cold, wet, poorly illuminated and have low 
ceilings.
The main job within Sureflow was the delivery driver (Sales Service Person) who was 
' responsible for providing gas cylinders on time, establishing optimal gas cylinder usage 
for each customer and providing customer care.
Sureflow drivers were spread over 16 sites throughout the United Kingdom and 
controlled the order in which deliveries were performed. The number of deliveries 
made ranged from ten to twenty-seven per day. The other jobs within the organisation
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comprised of workers who filled gas cylinders at a depot involving repetitive work and 
office workers. Figures 13 to 15 show the jobs performed in this organisation.
BOC Industrial provides different types of gas mixtures to the industrial sectors, such as 
the food industry and hospitals. Cylinder sizes also vary in weight between 7-99 kg. 
Work sites are spread throughout the United Kingdom and the range of jobs is far more 
varied. There are cylinder drivers, cylinder fillers and testers, technicians, manual 
handling staff and office staff (see figures 13-15). The operation of gas cylinder 
deliveries is different to the Sureflow organisation as management control delivery 
schedules and the image of delivery drivers is very different to those found in the 
Sureflow business. Point of customer use is not a work ethos of the Industrial 
organisation. The delivery drivers in BOC Industrial do not typically deliver 
underground or use stairs (except for Cryospeed and Medispeed drivers)
The potential study population comprised of workers that could be classified low and 
high exposure with respect to the risk of WMSDs. Workers performing manual 
handling work were all male.
For phase II, ten BOC Industrial sites and all sites in BOC Sureflow were selected for 
participation. The BOC personnel department randomly selected the 10 sites from 
Industrial but the sites were to include jobs covering a broad range of physical and 
psychosocial task demands. The delivery jobs were performed away from the work site 
and so the site was not considered to be of significance other than to give an indication 
of the response rate from each site. Workers did not migrate from manual handling jobs 
into sedentary jobs, as the skills required were very different.
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6.3 Potential sources of error in the study design
One goal of any design strategy for an epidemiological study is to reduce the sources of 
measurement error. As described in chapter 3, without accuracy and precision in the 
measurements there will be less confidence in making inferences from the data. There 
are additional sources of error that will be considered in this section and the methods 
used to reduce their effects in the study design are described.
6.3.1 Study precision
Precision in epidemiology corresponds to the reduction of random error, which can be 
regarded as an ignorance of unknown or unmeasurable risk factors that may affect 
disease rates in a population under study (Checkoway, Pearce et al., 1989). The 
primary means of increasing the precision of the outcome estimate is to increase the size 
of the study so that the confidence limits will be narrower. The second method is to 
control the size of the unexposed group relative to the exposed group. When the study 
factor has no effect, a 1:1 ratio is more effective for a specified study size. When an 
effect exists, a larger ratio - optimally 2:1 - will provide adequate study efficiency 
(Walter, 1977).
In order to increase the study precision, the study population consisted of approximately 
1500 workers from a base population of approximately five thousand workers. The 
estimated number of subjects required for the study was based on the following criteria:
•  The number o f available subjects within certain occupations
• The resources available for administration, data handling and cost handling
• The number o f subjects required providing sufficient study power.
I l l
It was not possible to control the size of the exposure groups, as the distribution of 
individuals into exposed groups and the unexposed group was unclear until the survey 
results were analysed.
6.3.2 Study validity
Unlike random error described previously, systematic error cannot be eliminated or 
reduced by using an infinitely large study. Systematic error occurs when a discrepancy 
exists between what is the intended estimate and what is actually being estimated 
(Rothman, 1986; Checkoway, Pearce et al., 1989). Three general forms of systematic 
error or bias can occur in epidemiological studies - selection bias, information bias and 
confounding. Each of these biases is considered in turn.
6.3.2.1 Selection bias
Selection bias arises when the procedures used for selecting study subjects from a 
potential population distorts the effects measured (Rothman, 1986; Checkoway, Pearce 
et al., 1989). The healthy worker effect is a common type of selection bias that can 
occur because healthy employees tend to gain employment and remain employed longer 
in comparison to employees who suffer disease. In a cross-sectional study the estimated 
outcome prevalence may be less than the true outcome prevalence in an occupational 
cohort because employees may change jobs as a result of ill health or may select a 
position within the same organisation requiring less demands. The latter was not 
possible in this study population.
In order to assess the degree of selection bias in the study, information on the number of 
employees leaving the organisation as a result of back injury and other WMSDs was 
collected from medical severance records over the previous five years.
Studying less severe cases of back disorders (symptoms in the last 7 days) may 
additionally reduce the potential of a healthy worker effect because workers may not 
take extended time off work with acute symptoms of discomfort or pain. Chronic back
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disorder cases may accumulate extended work absence covering the survey period 
which would result in the underestimation of the outcome prevalence.
6.3.2.2 Information bias
Study subjects are normally classified with respect to exposure or outcome status in 
epidemiological studies. Information bias results when subjects are misclassified into 
the incorrect exposure or outcome status. Two types of misclassification exist - non- 
differential and differential misclassification (Kleinbaum, Kupper et al., 1982;
Rothman, 1986; Checkoway, Pearce et al., 1989). Descriptions of these 
misclassification biases follow.
Non-differential bias can manifest itself in two ways. Study subjects who are exposed 
and non-exposed are equally likely to be misclassified with respect to disease outcome. 
Secondly, study subjects who are diseased and non-diseased are equally likely to be 
misclassified according to exposure (Kleinbaum, Kupper et al., 1982; Rothman, 1986; 
Checkoway, Pearce et al., 1989).
In this study, subjects were classified with respect to exposure and outome status. 
Internal comparison of low exposure and high exposure groups was used since it is 
difficult to find non-exposed internal groups for comparison. Non-differential bias may 
result as a consequence of using inaccurate exposure instruments like questionnaire 
surveys for providing quantitative data on work exposures. The questionnaires used in 
this study to classify exposure had been previously validated in occupational settings 
involving manual handling and office work. Additionally, exposure validation tests 
were undertaken within the study population to determine whether the questionnaires 
were able to sufficiently classify individuals into low and high exposure groups.
Misclassification of disease status is often referred to as diagnostic error and can occur 
when the study outcome is poorly defined (Greenland & Robins, 1985). Hence, it was 
important in the study to use reliable questionnaires demonstrating the highest validity
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obtainable within the limits of the data collection method to minimise this bias 
(Hagberg, 1992).
Non-differential misclassification of exposure, independent of disease status, will 
generally bias the effect estimate in the direction of the null value i.e. the measures of 
risk associated with exposure and outcome is underestimated (Copeland, Checkoway et 
al., 1977; Rothman, 1986; Dosemeci, Wacholder et al., 1990; Stewart, Herrick et al., 
1991).
Differential bias occurs when the likelihood of misclassification of exposure is different 
in diseased and non-diseased subjects. Similarly, the misclassification of disease is 
different in exposed and non-exposed subjects. Differential misclassification results in 
information bias that overestimates or underestimates a risk relationship between 
exposure and outcome (Kleinbaum, Kupper et al., 1982; Rothman, 1986; Checkoway, 
Pearce et al., 1989).
Recall bias in collecting retrospective data may be either differential or non-differential 
misclassification bias. It was reported that the reporting of low-back complaints over 
the last 12 months seemed to cause a differential bias in some exposure variables 
concerning lifting. Subjects without low-back complaints had a tendency to under­
estimate lifting activity (Wiktorin, Karlqvist et al., 1993). Musculoskeletal complaints 
did not seem to cause differential bias in self-reported exposures to posture. Subjects 
with symptoms in the neck and upper limbs did not over-estimate the time spent typing 
compared with the control group (Bernard, Sauter et al., 1994). Indeed cases and 
controls both over-estimated the amount of time spent typing.
There is no conclusive evidence to show that the over-estimation or under-estimation of 
exposure is dependent on disease status. In the study, subjects were asked to report 
exposures for the previous day in order to minimise potential misclassification bias.
180
Another form of potential differential outcome misclassification would be the under­
reporting of symptom status due to employer reprisals from symptomatic workers. To 
minimise such bias, flyers and reminders were sent to all participatory sites, prior to and 
during the data collection phase of the study. These reminded subjects that participation 
was voluntary and that responses would not be seen by BOC management and only 
Robens Institute investigators would have access to the data.
6.3.2.3 Confounding and effect modification
Simplistically, confounding distorts the risk relationship between exposure and 
outcome. The risk relationship can be overestimated or underestimated depending on 
the duration of the association that the confounding factor has with exposure and 
outcome. For a factor to be a confounder the following criteria must be satisfied if no 
other biases are present (Greenland & Robins, 1985):
• It must be a predictor of risk among the unexposed
• It must be a correlate of exposure in the base population
• It should not be an intermediate variable in the causal pathway under study
Confounding can be controlled in the study design, in the analysis or in both. It requires 
careful use of prior knowledge as well as inference from the observed data (Checkoway, 
Pearce et al., 1989).
Effect modification occurs when the estimate of risk of the exposure for a specified 
outcome is dependent upon another level of another factor in the study (Miettinen,
1974). Effect modification and interaction are similar statistical concepts and the term 
used is dependent upon the epidemiological methods used (Checkoway, Pearce et al., 
1989). Effect modification is a finding to be reported rather than a bias to be avoided 
(Rothman, 1986). In this text effect modification is used to describe the modification of 
the risk estimate by a factor other than physical or psychosocial exposure.
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Data were collected in the survey for variables that may confound or effect modify the 
relationship between exposure and outcome. These included age, gender and years on 
the job (to represent cumulative work exposure). These variables were assessed for 
confounding and effect modification in the data analysis.
6.4 Data collection procedures
Data were collected using a questionnaire (see appendix F) which included sections on 
personal information, work activities, musculoskeletal outcomes and psychosocial 
factors. The personal information section included age, gender, work location, job title, 
main tasks performed, years on the job, similar work done and shift work. The work 
activity section included posture, kneeling, sitting, vibration, computer work, manual 
handling, lifting, use of ratchets and the number of hours worked. The outcome section 
included musculoskeletal symptoms covered in the last 7 days and the past 12 months.
It also included recurrent back disorders and whether such conditions were present 
before current employment. The work organisation section included psychosocial work 
factors and organisation work factors and included mental demands, workload and 
responsibility, job hazards, job control and social support work factors.
Before the survey, a flyer (see appendix G) was distributed to all workers at the 
participating sites. The flyer explained the mission of the research institute, the aims of 
the project, the project plan, voluntary participation, time scale, how the results would 
be used, confidentiality, funding and the details of the researchers (PhD student and 
supervisor).
Meetings were held with various safety groups and key staff members explaining the 
project and gaining further support from the decision-makers and workers. The unions 
firmly supported the planned research work and the BOC European Gases Safety Forum 
was made aware of the project and how it fitted in with their global manual handling 
improvement strategy.
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A facilitator at each work site involved with the survey was sent an appropriate number 
of questionnaires for that site. Each questionnaire was accompanied by the flyer and a 
letter from senior management supporting the project. In the industrial work 
organisation, each facilitator was asked to co-ordinate a room and time for workers to 
complete the questionnaire during work hours. The completed questionnaire was sealed 
in an A4 envelope and left in the room in a secure place. In Sureflow, questionnaires 
were completed individually during team briefings and were facilitated by the service 
manager. All the questionnaires from each site were returned to the research institute in 
batches. The A4 envelopes had a freepost address for the research institute in case 
some preferred to return the questionnaire individually.
The survey data collection period lasted 13 weeks for BOC Sureflow and 14 weeks for 
BOC Industrial. Survey data collection in BOC Industrial was completed one month 
after the completion in BOC Sureflow due to other management commitments in the 
work organisation. Two reminder notices were distributed to all of the study 
population.
The questionnaires were coded upon return by freepost. Each questionnaire was keyed 
in and verified using double keying by a data-entry company. When each batch of 
questionnaires was returned to the research institute after data-entry, ten percent of each 
batch was randomly selected and screened for coding errors and data entry errors. 
Additionally, any questionnaires that had errors were noted by the data-entry company 
and were tagged. Each of these questionnaires was additionally checked and verified.
6.4.1 Missing data management
Questionnaire items in the personal information section, work activities section and 
work organisation section not answered were coded as zero. Years worked on the 
present job [item (26)-(29)] and similar work done [item (30)-(33)] in the personal 
information section were coded as “99”.
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For the musculoskeletal disorders section missing data were coded as zero. If ‘Yes’ 
boxes were ticked in some of the 7 day and 12 month prevalence sections [items (1)- 
(18)] and all other boxes in those items were left blank then it was assumed that subjects 
did not attempt to tick the ‘No’ boxes. However, if a ‘No’ box was ticked and then 
subsequent ‘No’ boxes were not ticked then those boxes were coded as missing data.
For the chronic back pain section [items (19)-(23)], if the answer to item (19) was ‘No’ 
then items (20)-(23) were coded as “9” to indicate that those questions should not be 
completed as opposed to there being missing data. If the answer to item 19) was ‘Yes’ 
then items (20)-(23) with no answers were coded as “0” to indicate missing data.
6.5 Data reduction procedures
The criteria for classification into low and high physical and psychosocial exposure 
groups were based upon the previous literature examining the risk of WMSDs 
associated with different work risk factors (see section 2.9.2.1).
A reduction variable was created for each exposure criteria and Boolean logic 
statements were used on the reduction variables to create latent variables for the four 
interaction exposure variables as follows:
•  low physical - low psychosocial exposure
• high physical - low psychosocial exposure
• low physical - high psychosocial exposure
• high physical - high psychosocial exposure.
Each data reduction step was verified by sampling the listing of subjects for the 
exposure criteria and the reduction or latent variables. The Boolean logic statements 
were also tested before the analysis on the pilot set of data. Subjects not satisfying the
184
exposure criteria were dropped, as they constituted the mid-physical exposure group 
that would include misclassified exposure subjects.
The variables age and years on the job were recoded into a categorical variable and an 
ordinal variable with 3 strata respectively. This was so that a meaningful stratified 
analysis could be conducted without too few numbers within each stratum.
6.6 Analysis of the study hypothesis
To test the hypothesis of no association between interaction effects of physical 
and psychosocial work factors and low-back disorders, three general methods 
were used. These were: crude risk analysis, stratified analysis and unconditional 
multiple logistic regression modelling (Kleinbaum, Kupper et al., 1982; Rothman, 
1986; Checkoway, Pearce et al., 1989; Kahn & Sempos, 1989; Kleinbaum, 1994). 
Crude risk analysis was performed for WMSDs of the neck, shoulders and 
wrist/hands using the same exposure criteria.
Data reduction was performed and presented using SPSS (SPSS Inc. SPSS for 
Windows version 6, Illinois, U.S.A.). and Statistica (StatSoft Inc., version 4.5, 
Cambridge, U.K.) respectively. Epi Info 6 (Centers for Disease Control 
Epidemiology Program Office, version 6.02, Georgia, U.S.A.) was used for the 
calculation of Mantel Haenszel weighted odds ratios and chi-square summary 
statistics in the stratified analysis (Rothman, 1986; Checkoway, Pearce et al.,
1989). Unconditional logistic regression modelling was performed using SPSS.
6.6.1 Stratified data analysis
Stratification was used to evaluate and control for suspected confounding factors and 
also to describe effect modification.
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Stratified analysis using the Mantel-Haenszel weighted odds ratio provided the 
means for assessing confounding by comparing the crude and adjusted odds 
ratios. The Mantel Haenszel procedure derives an overall estimate of the odds 
ratio by taking a weighted average of the stratum specific odds ratio estimates 
(Breslow & Day, 1980; Rothman, 1986; Checkoway, Pearce et al., 1989). Large 
differences between the crude estimate and the overall weighted estimate would 
indicate for the stratified variable that it confounded the relationship between 
exposure and outcome (Rothman, 1986).
This method of stratification was chosen because of the relative ease of 
calculation and because the statistical properties of the procedure are comparable 
to other methods (Rothman, 1986). The Cornfield 95% confidence intervals were 
calculated for the weighted odds ratios (Kleinbaum, Kupper et al., 1982). The 
Mantel-Haenszel summary chi-square test statistic (summary %2)  was used to test 
the departure of the weighted estimate odds ratios from unity. When the weighted 
estimate of the odds ratio is unity the chi-square statistic takes the value of zero 
indicating no departure from unity (Kleinbaum, Kupper et al., 1982; Rothman, 
1986; Checkoway, Pearce et al., 1989).
6.6.2 Multivariate logistic regression analysis
The traditional analytic methods like Poisson regression and the proportional 
hazard models have limitations when it comes to studying multiple exposures and 
confounders (Checkoway, Pearce et al., 1989). Mathematical modelling permits 
adjustment for a larger number of factors than in a stratified analysis. There is no 
real difference between using stratification and modelling techniques (Clayton & 
Hills, 1993). The difference only lies in the inflexibility of the stratification 
methods that can instil some discipline into the data analysis.
There are some distinct advantages for using modelling techniques when the data 
analyst has restrained him or herself from "flogging the data". The ease with
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which interaction between confounders and exposures can be tested in a 
regression model represents a clear advance over earlier stratification methods in 
which the absence of such interaction is a hidden assumption.
Regression is a means of analysis in which given a dependent variable Y and an 
independent variable X, the "best" mathematical model is found to describe Y as a 
function of X or to predict Y from X. Linear and exponential models are used in 
regression most often (Last, 1982).
A binomial dependent variable i.e. the presence or absence of low-back symptoms 
in the last 7 days was used for the unconditional logistic regression analysis. If 
the outcome variable is not a continuous variable but a binomial dependent 
variable then logistic regression is most suitable for the variable format. A 
multiple logistic model is a model of an individual's risk (probability of disease) Y 
as a function of the risk factor X (Last, 1982). The logistic model takes the form:
Equation 3 The logistic regression model.
In ( P / l - P )  = a  + Pixi + P2X2 +•••+ PjXj 
Where logit (P) = In ( P / l - P )  =  log (odds)
pi is the increase in the log (odds) for an increase of one unit in %\. The 
confidence limits of the odds ratio are calculated as the exponential 
transformation of the limits of pi (Hosmer & Lemeshow, 1989; Kahn & Sempos, 
1989).
Confounders were controlled for in the multivariate logistic regression and prior 
knowledge and inference from the observations in the stratified analysis determined 
which variables were potential confounders and effect modifiers.
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A modelling strategy was adopted from Kleinbaum (1994) and possessed three stages:
•  Variable specification
• Interaction assessment
• Confounding assessment
The initial model was hierarchically well formulated such that the initial model 
contained all lower order components of any product terms in the model (Kleinbaum, 
1994). A hierarchical backward elimination procedure was then used to remove 
variables from the initial model. Any lower order terms in the model were dropped if 
the higher order terms were found to be non-significant during the backward 
elimination process. If a product term was significant then the hierarchical principle 
applied for the lower order components and so the latter terms remained in further 
models. The following sequence diagram shows the cascading modelling strategy
Stage 1
Initial Model 
Include:
Exposure variables- Low physical-High psychosocial (LOHI) 
High physical-Low psychosocial (HILO) 
High physical-High psychosocial (HIHI) 
Potential cofounders-age, sex, years on job 
Effect modifiers (exposure x confounder term)
LOHI x years on job,
HILO x years on job 
HIHI x years on job
Indicator variables for exposure terms were coded “0” for low exposure and “1” for 
high exposure. Indicator terms for age & sex were coded “0” for references (<40 years 
& female respectively) and “1” for (> 40 years & male respectively).
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The years on the job variable has 3 strata and so 2 indicator variables were coded. This 
effectively doubled the number of effect modifier terms in the initial model.
Two binary indicator variables were used, as it could not be assumed that an 
exponential relationship between years on the job and outcome frequency existed. The 
exponential pattern is an important liability of the logistic model but can be avoided by 
using independent variables as binary variables (Greenland, 1979; Rothman, 1986).
Stage 2
Use hierarchical principle to specify 
for all further models - exposures and 
confounders or effect modifier terms
Stage 3
For other effect modifier terms 
Eliminate non-significant effect modifier 
terms from model retaining:
Significant exposure x confounder terms 
Confounder variables 
Exposure terms
Model II tested the null hypothesis that the coefficients of the effect modifier terms 
were equal to zero. The test procedure used the likelihood ratio statistic that compared 
the full model containing all exposure, confounder and effect modifier terms with a 
reduced model containing only the exposure and confounder terms. If the reduced 
model was not significant then the reduced model was accepted. If the model was 
significant then each effect modification term was eliminated individually and tested for 
significance. The level of significance chosen was the 1% level.
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Interaction terms that introduce multicollinearity would produce an unstable model with 
wide confidence intervals for interaction term (Rothman, 1986; Kleinbaum, 1994). The 
product terms were not included in the model if  this was so.
The control of confounding took precedence over achieving precision because the 
primary goal of the analysis was to obtain the correct log odds estimate rather than a 
narrow confidence interval around the wrong log odds estimate.
Statistical inferences from the models were made using the maximum likelihood 
parameters (Kleinbaum, 1994). The likelihood ratio statistic was used to determine 
statistical significance between each model (Hosmer & Lemeshow, 1989; Kleinbaum, 
1994).
The log odds for high physical-high psychosocial exposure covariate was calculated 
using the sum of the log odds parameters for each exposure covariate (Rothman, 1986). 
The log odds were exponentiated to estimate the odds ratio (Rothman, 1986;
Kleinbaum, 1994).
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CHAPTER 7
THE RESULTS OF THE EPIDEMIOLOGICAL STUDY
191
7.1 Aims of the PhD
The prior section described the development of the epidemiological study design and 
how data collection instruments were validated. This chapter provides the results from 
the epidemiological study that show whether an aetiologic interaction between physical 
and psychosocial work exposures increases the risk of low-back disorders and other 
WMSDs.
7.2 The study population
7.2.1 Response rates
The survey response rates are shown for the total study population and also for the 
separate organisations- BOC Industrial and BOC Sureflow in table 35.
The response rate of the total study population was 59%. Separating the total response 
rate into BOC study groups, the response rate from BOC Sureflow was higher than for 
BOC Industrial by 14% (70%-56%). One subject was excluded from the BOC 
Industrial population as a result of not returning the questionnaire before the final 
acceptance date. Subjects from BOC Sureflow came from 16 sites and subjects from 
BOC Industrial came from 10 sites around the United Kingdom.
Table 36 shows the percentage of valid survey responses and the number of responses 
that were invalid. Eighteen responses had greater than twelve missing variables that 
also included the exposure variables critical for exposure classification. There were 
four responses that had sufficient exposure responses but had not completed the 
dependent variable section. The total number of valid responses was 869 out of 1514 
(57%).
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Table 35 The study population, number of survey responses and the percentage of returns from 
each population. The base population N=5000.
Population Total Number in 
the Population
Number of 
Responses
Percentage
Returns
Total study population 1514 891 59%
BOC Sureflow study 
population 258 180 70%
BOC Industrial study 
population 1256 709 56%
Table 36 Invalid and valid questionnaire responses.
Study population (Total = 1514) Returns (%)
891 survey responses 59
18 responses with missing data <2
4 responses without dependent variable <1
869 valid survey responses 57
7.2.2 Missing data
The variables for similar work done (codes 30-33 in the left column of table HI in 
appendix H) produced the highest number of missing entries -  12.9%. During coding, it 
was not clear whether the subject had interpreted similar work as the years spent doing 
work of a similar nature exclusive of the current job or the years spent doing the same 
kind of work in total i.e. also including the present job. This ambiguity may have
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caused those subjects unclear about the interpretation of the question to miss that 
question. The question was not a critical item for classifying exposures.
The missing data for gender - 5.5% - was not distributed randomly across types of job 
(code 2 in the left column of table HI in appendix H). It was known that all subjects 
whose job involved the manual handling of gas cylinders were male so missing gender 
entries were coded by the researcher. There were more missing gender entries for office 
workers as gender status was not predictable.
The percentage of missing entries for the psychosocial variables used for exposure 
classification was less than 1% for each variable. The percentage of missing entries for 
the physical variables used for exposure classification was less than 4%.
The number of returned questionnaires not containing missing data were N=568. There 
were 97% of responses with equal to or less than 7 missing entries. There was a total of 
ninety-nine entries for each questionnaire. This did not include the task-time question 
and the personal identification number.
7.2.3 Data consistency checks and modifications
Consistency checks were performed for each job that had greater than 29 responses 
using the data from the work activity section of the questionnaire. From phase I - the 
pilot study, it was clear which tasks were performed in each job and also each task's 
duration could be approximated. Table H2 in appendix H shows the modifications 
made to responses for each job.
The ability to set expectations with confidence for psychosocial responses was not 
possible. There were 12 modifications made to the data set. The data had good face 
validity with respect to the physical work activities performed.
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7.2.4 Job reclassification
There were 31 job types included in the survey. Table 37 shows the reclassification of 
the job types into broader classifications based upon task performance. The total 
number of subjects, with responses for job title (N=858), is shown for each 
classification. The percentage value represents the response rate for each classification 
from the total number of questionnaire responses (N=891).
Workers that performed manual handling to the point of customer use and driving 
entered premises and manual handled down staircases, through narrow doorways or 
entered rooms with low ceiling heights. Workers performing driving with some manual 
work did not manual handle to the point of customer use.
The total response rate for all delivery drivers (sum of columns 3 and 5) was 49%. 
Office workers returned more questionnaires compared to delivery drivers, manual 
handling cylinder operators or technicians.
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Table 37 Job classifications by task performance (N=891). The total number and percentage of 
workers for each job category and the percentage response rate of each job classification.
Manual 
handling 
gas cylinders
Sitting and
computer
work
Driving/
some
manual
work
General
manual
handling
Manual handling to the point of 
customer use and driving
JOB CLASSIFICATIONS
Manual
Handling/
Cylinder
Operatives
Office
Workers
HGV
Drivers Technicians SSPs Cryospeed Medispeed
Test shop Sureflow Cylinder Valve
operators managers driver refurbisher
DA test shop Sureflow Tanker Vehicle
operator production
managers
driver maintenance
technician
Cylinder filler
Customer Generator
Gas & gear service Hand
/cylinder centre advisors
assistant
Office
Office
maintenance
DA cylinder workers technician
handler
Secretary/PA Plant
Medical cylinder maintenance
filler Area sales 
manager
technicians
Sureflow PDA
Sureflow CDR
Cylinder operator
Area customer
Propane filler service co­
ordinator
Dry ice operative
Site
Liquid dispenser production
foreman
Security
officer
Total Total Total Total Total Total Total
223 319 133 56 122 1 4
Response Rate From Each Classification
49% 82% 39% 42% 72% - -
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7.2.5 Age of the study population
Table 38 shows site-combined age and gender across the four exposure groups. For the 
low physical-low psychosocial exposure and the low physical-high psychosocial 
exposure group males and females were equally distributed approximately. For the high 
physical-low psychosocial and high physical-high psychosocial exposure groups 100% 
of subjects were male.
The Kruskal-Wallis ANOVA by ranks test was used to assess whether age for each 
exposure was drawn from the same distribution or from distributions with the same 
median. This test assumes that the variable under consideration was continuous and 
that it was measured on at least an ordinal (rank order) scale. For the male population, 
the Kruskal-Wallis test parameter H(3 df, N=474) = 20.93 at p=0.0001 indicated that 
there was a statistically significant difference of age across exposure. The median for 
the low physical-low psychosocial exposure group was 46-50 years compared to the 
median of 36-40 years for the other exposure groups. For the female population, the 
Kruskal-Wallis test parameter H(1 df, N=T21) =1.99 at p=0.16 indicated that the 
medians for each exposure group were not significantly different.
Therefore, there were older male workers in the low physical-low psychosocial 
exposure group compared to the other exposure groups. Age is suggested to be a 
potential confounder and may increase or decrease the prevalence of WMSDs in this 
exposure group, which was used as the reference exposure group.
7.2.6 Cumulative exposure of the study population
Table 39 shows the site-combined years spent working in the current job and gender 
across each exposure group. Years spent in the current job were collected using an 
interval scale. In order to test for statistically significant differences between years 
spent on the job and exposure group for each gender, analyses of variance were 
performed.
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In general, the purpose of analysis of variance (ANOVA) is to test for significant 
differences between means (for groups or variables) for statistical significance. This is 
accomplished by analyzing the variance, that is, by partitioning the total variance into 
the component that is due to true random error and the components that are due to 
differences between means.
For males, the ANOVA test parameter F(3 df, N=469) = 3.29 at p<0.05 indicated that 
there was a statistically significant difference of years on the job across exposure 
groups. The mean years on the job for the low physical-low psychosocial exposure 
group is approximately 3-4 years longer than the years spent on the job in the other 
exposure groups. For females, the ANOVA test parameter F(1 df, N=118) = 0.01 at 
p<0.91 indicated that there was not a statistically significant difference between years 
on the job across exposure groups for the female population.
The quartile range of a variable is calculated as the value of the 75th percentile (upper 
quartile) minus the value of the 25th percentile (lower quartile). Thus, it is the width of 
the range about the median that includes 50% of the cases. For males the quartile range 
for the low physical-low psychosocial exposure group was 16.5 years, which was 
approximately three times greater than the quartile range in the other exposure groups.
Male subjects in the low physical-low psychosocial exposure group were older and had 
greater cumulative work exposure compared to the other exposure groups. It is not 
within BOC policy for manual handling workers to be relocated to office work i.e. there 
can be no migration of subjects from the high exposure groups to the low exposure 
groups.
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Table 38 Site combined age and gender across exposure groups.
Age
(years) Exposure
Low Physical 
Low Psychosocial
Low Physical 
High Psychosocial
High Physical 
Low Psychosocial
High Physical 
High Psychosocial
Female
N=58
Male
N=64
Female
N=63
Male
N=53
Female
N=0
Male
N=180
Female
N=0
Male
N=177
Median 31-35 46-50 36-40 36-40 - 36-40 - 36-40
Lower
quartile 26-30 36-40 26-30 26-30 - 31-35 - 31-35
Upper
quartile 41-45 51-55 46-50 41-45 - 41-45 - 46-50
Quartile
range 26-45 36-55 26-50 26-45 - 31-45 - 31-50
Table 39 Site combined years on the current job and gender across exposure groups.
Years
(years) Exposure
Low Physical 
Low Psychosocial
Low Physical 
High Psychosocial
High Physical 
Low Psychosocial
High Physical 
High Psychosocial
Female
N=57
Male
N=64
Female
N=63
Male
N=53
Female
N=0
Male
N=180
Female
N=0
Male
N=176
Mean 7.1 9.9 6.9 5.8 - 6.4 - 7.1
Standard
deviation 9.1 10.2 9.3 8.3 - 7.5 - 8.1
Median 2.6 5.1 2 2 - 3.5 - 4
Lower
quartile 1.2 1.7 1.2 1.1 - 1.5 - 2.1
Upper
quartile 9.3 18.2 6.8 6 - 7.5 - 7
Quartile
range 8.1 16.5 5.6 5 - 6 - 4.9
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7.3 Prevalence of WMSDs within the study population
7.3.1 General findings
Figures HI and H2 in appendix H show the percentage of cases for each 
musculoskeletal region and for each possible response for the last 7 days and the past 12 
months respectively. It was evident that a greater number of cases experienced 
musculoskeletal symptoms in the right and left, or middle of the body for each 
musculoskeletal region compared to the left or right side only.
Figures H3 to H6 in appendix H show the percentage of cases reporting combined 
WMSDs in the last 7 days and the past 12 months respectively. In summary, for 7-day 
prevalence, seven percent experienced symptoms in the low back, hips and knees. 
Twelve percent experienced symptoms in the neck, shoulders and wrists. For 
symptoms in the past 12 months, nine percent experienced symptoms in the low back, 
hips and knees. Eighteen percent experienced pain in the neck, shoulders and wrists.
7.3.2 Symptomology in the last 7 days and the past 12 months
The data for each musculoskeletal region were recoded in order to produce a 
dichotomised variable (no, yes response) for each musculoskeletal region and for each 
definition and are shown in tables 40 and 41. The WMSD status is expressed as a 
percentage of the total response. The prevalence rate (PR) quantifies the proportion of 
individuals with the WMSD in the study population and is expressed as the number of 
cases of the disorder per 1000 persons.
For symptoms of WMSDs experienced in the last 7-days, the highest percentage 
proportion of cases was 48% for the low back, followed by the shoulders (35%), and the 
neck and wrist/hands (34%). The lowest percentage was for the hips/thighs (13%). The 
prevalence rate for low-back problems in the last 7 days was the highest of all the
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musculoskeletal regions. There were 478 cases o f the low-back disorder per 1000 
persons.
For symptoms experienced in the past 12 months, the largest percentage proportion was 
61% for the low back followed by the neck (44%), the wrists/hands (41%) and the 
shoulders (40%). The lowest prevalence was for the hips/thighs (17%). The 12-month 
prevalence rate for WMSDs was highest for the low back. There are 606 cases of low- 
back trouble in the past 12 months per 1000 persons.
7.3.3 Relationship between 7 day and 12 month symptomology for the low back 
Figure 31
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Figure 31 shows the distribution of the percentage of cases with different combinations 
of low-back pain in the last 7 days and the past 12 months. Three times as many cases 
experienced low-back pain in the last 7 days and the past 12 months compared to those 
cases not experiencing low-back pain in the last 7 days but experiencing low-back pain 
in the past 12 months. Three percent experienced low-back pain in the last 7 days and 
not the past 12 months.
Percentage of Cases with Low-Back Pain in the Last 7 Days & the Last 12 Months
N=862
35.3
No 7 day symptoms 
No 12 month symptoms
No 7 day symptoms 
12 month symptoms
15.3
7 day symptoms 
No 12 month symptoms
Sits
28 fK M
7 day symptoms 
12 month symptoms
O utcom e Status
202
7.3.4 Recurrent and non-recurrent back problems 
Figure 32
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Figure 32 shows that sixteen percent of cases experienced symptoms of low-back pain 
without any recurrent back problems. Recurrent back problems were defined as 
problems in the previous year that lasted for more than one week or occurred greater 
than three times. Thirty-one percent of cases did experience recurrent symptoms with 
symptoms also experienced within the last 7 days. Twenty-two percent o f cases had 
experienced low-back symptoms in the last 7 days and also suffered from recurrent back 
problems that had not been experienced before the present job.
Prevalence of Back Problems with Different Definitions
N=869
7-day prevalence with 
recurrent problems
31.8
7-day prevalence without 
recurrent problems
16.1
7-day prevalence with recurrent 
problems & not with problems 
before the current job
22 3
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7.3.5 The Prevalence of chronic back pain
Cases had to satisfy the following criteria in order to be classified as a chronic back pain 
sufferer:
•  symptoms lasting > 1 week or have occurred > 3 times in the past year
• each episode lasting 1-6 months or higher
• separate episodes at least every 2-3 months
• greater than or equal to moderate discomfort or pain at present
• symptoms not present before current job
The cases that responded “Yes” to item (19) in the outcome section of the questionnaire 
were requested to complete items (20)-(23). Those cases that responded “No” to item 
(19) were asked to skip questions (20)-(23). The results from figures 33 to 37 were 
obtained from cases that responded to all of items (19)-(23) of the outcome section.
Figure 33
Back Problems > 3 Times or Lasting more than 1 Week in the Previous Year
N=837
100 
90 
80 
70
8  60 U)
30
20
10
0
60.6
39.4
Yes No
Back Problems
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Figure 33 shows the percentage of cases that have and have not experienced back 
problems more than 3 times in the preceding year or lasting greater than 1 week in the 
previous year. Thirty-nine percent had experienced back problems of this description.
Figure 34
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Figure 34 shows the percentage of cases experiencing various durations of back disorder 
within the last year. Episodes lasting less than 1 day were assumed to represent casual 
“Fleeting” pain. Approximately thirty percent of cases experienced this type of back 
problem. Forty percent of cases experienced episodes of back problems that subsided 
within a week, which was the most common duration. Approximately thirty percent of 
cases experienced episodes of back trouble that lasted greater than one week in the last 
year.
The Duration of Each Episode of Back Pain
N=357
< 1 hr 1 day to 1 week 1 to 6 months
1 hr to 1 day 1 week to 1 month > 6 months
Length of Each Episode
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Figure 35
Frequency of Back Problems in the Last Year
N=359
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Figure 35 shows the frequency of back disorders experienced in the last year. Thirty-one 
percent of cases had experienced separate episodes of back trouble every 2-3 months. 
Twice as many cases experienced back trouble at this frequency compared to the other 
possible frequencies reported. Approximately ninety percent of cases experienced 
frequent episodes of back trouble at least every 2-3 months.
Constant Once a week Every 2-3 months
Daily Once a month > 6 months
Frequency of episodes of back trouble
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Figure 36
Intensity of Discomfort of Back Trouble at Present
N=360
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No discomfort Mild Moderate Severe Unbearable
Discomfort Intensity
Figure 36 shows the level of discomfort associated with low-back disorders. Forty 
percent of cases had moderate discomfort in the back at the time of the survey. 
Approximately three-quarters of the number of cases for this outcome had mild to 
moderate discomfort at the time of the survey.
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Figure 37
Percentage of Cases with Back Problems before the Present Job
N=361
71 .2
28 .8
Yes No
Back Problems Present
Figure 37 shows that seventy-one percent of cases did not experience back pain 
symptoms before beginning their current job.
Figures 33 to 37 showed that forty percent of the study population had (recurrent) back 
problems more than 2-3 times per year and lasting for more than one week. 
Approximately half of these cases had back problems that subsided within 4 weeks. 
Approximately three-quarters of the cases with recurrent back problems experienced 
mild to moderate discomfort at the time of the study and approximately seventy-percent 
of the reported cases of recurrent back problems were not present before starting the 
present job. The percentage of chronic back pain for the valid study population 
(N=869) was less than one percent using the criteria specified earlier in this section.
The prevalence rate of chronic back pain was 8 cases per 1000 persons. Upon 
stratifying the number of chronic back pain cases by exposure groups, there were no 
cases in the low physical - low psychosocial exposure group. There was one case each 
in the low physical -high psychosocial and the high physical - low psychosocial 
exposure group. The highest number of cases (3 cases) was in the high physical - high 
psychosocial exposure group.
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7.3.6 The incidence rates of worker medical severance for years 1991-1996 
Figure 38
Incidence Rates (IR) of WMSDs Resulting in Medical Severance
1991-1996
0.9
0.7
0.5
0.3
19921991 19931990 1994 1995 1996
Year
The incidence rate (IR) of WMSDs resulting in medical severance increased gradually 
since 1992 to 1.2 % at the end of 1996 (see figure 38). The number of medical 
severance cases could not be disclosed due to commercial sensitivity.
Table 42 The incidence rates for WMSDs resulting in medical severance for each job category for 
1991-1996.
Job Category Incidence ' Rate/Year Rate Ratio 95% Cl
Office workers 0.06 l -
Cryospeed 0.09 1.5 0.2-9.3
Medispeed 0.17 2.8 0.45-17.3
Sureflow drivers 0.41 6.8 3.6-12.9
Drivers 0.43 7.2 4.6-11.4
Technicians 0.5 8.3 4.9-13.9
Cylinder handlers 0.6 10 6.6-15.2
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Average annual incidence rates per year for WMSDs resulting in worker medical 
severance were calculated using data for years 1991-1996. The incident rate ratio for 
each job category was calculated using office workers as the reference group. Ninety- 
five percent confidence intervals were calculated for the rate ratio estimates. Table 42 
shows that cylinder handlers were at ten times the risk of being medically severed 
compared to office workers. Jobs involving different combinations of driving and 
manual handling i.e. drivers and Sureflow drivers were approximately at seven times 
greater risk of medical severance compared to office workers. Jobs involving general 
manual handling, i.e. technicians, were at eight times the risk of medical severance 
compared to office workers. For Cryospeed and Medispeed drivers, the incident rate 
ratios were not greater than one at the 95% confidence interval. However, the average 
number of workers for these populations were 40 times lower compared to office 
workers. There were insufficient number of medical severance cases to calculate annual 
incidence rates for age and years on the job for each stratum.
7.4 Data reduction variables
Using the exposure criteria described in section 2.9.2.1 a set of reduction variables was 
computed. The number of subjects classified within each exposure reduction variable is 
shown in table 43.
A casewise analysis was performed to determine the number of cases classified as low 
or high exposure for each variable. Cases were excluded in the data reduction if there 
were missing data for any of the exposure reduction variables. Eighty-eight percent of 
the total number of valid survey responses (N=869) was included in the analysis. There 
were 104 cases not included, of which 79 cases had one missing variable, 15 cases had 
two missing variables, 7 cases had three missing variables, and 3 cases had four missing 
variables.
2 1 0
Table 43 The number of cases for each exposure reduction variable (N=765). Definitions for low 
and high exposures are detailed in section 2.9.2.1
Reduction
Variable
Low Exposure 
N
High Exposure 
N
Heavy Lifting 392 283
Light Lifting + 
Driving 327 124
Mental Demands 301 464
Supervisor Support 425 340
Co-worker support 448 317
Job control 494 271
7.4.1 Latent exposure and confounder variables
Using the methodology defined in section 2.9.2.1 latent variables were created for
physical and psychosocial exposure. The cross-tabulation for physical and psychosocial
exposure is shown in table 44.
Table 44 Crosstabulation of physical and psychosocial latent exposure variables.
Physical
Exposure
Psychosocial
Exposure Totals
Low High
High 183 185 368
Low 147 123 270
Sub-total 330 308 638
Mid 71 109 180
Totals 401 417 818
Of the 869 valid cases in the study population, 818 cases provided the data enabling 
classification into physical and psychosocial exposure groups. The mid group, N=180, 
represents the cases that could not be classified low or high physical exposure as a result
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of their exposures not meeting the respective criteria. Therefore, 638 cases were 
classified with respect to low/high physical and psychosocial exposures. The number of 
cases classified into the low physical -  high psychosocial exposure group was relatively 
low compared to the other exposure groups.
Figure 39 shows the percentage of the total number of cases within each low/high 
exposure group. The highest percentage of the total number of cases was classified in 
the high physical-low psychosocial exposure and high physical-high psychosocial 
exposure groups.
Figure 39
Percentages of the Total Number Classified into Exposure Groups
N=638
50 --------------------------------------------------------------------------------------------------------------
40
High Physical 
High PsychosocialHigh Physical 
Low Psychosocial
Low Physical 
Low Psychosocial
Low Physical x j  
High Psychosocial x l
Exposure Groups
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7.4.2 Potential confounder/effect modifier variables
The potential confounders and/or effect modifiers were considered to be cumulative 
exposure measured as years on the job, age and gender. The case-wise percentage 
distributions for each of the variables were compared for those cases classified as 
low/high exposure against the total valid survey population in table 45. The data show 
that there were no large differences between the two populations with respect to age, 
cumulative exposure and gender.
Table 45 Comparison of the percentage of responses for age, cumulative exposure and gender for 
the total response population and those responses classififed low/high exposure.
Variable
Low/High Exposure 
Population 
N=589 
%
Total Survey Population 
N=805 
%
Age
< 40 years 59.9 58.9
>40 years 40.1 41.1
Cumulative Exposure
<6 years 65 64.1
6-15 years 17.3 18.6
>15 years 17.7 17.3
Gender
Male 79.6 83.4
Female 20.4 16.6
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7.5 Outcome prevalences for latent exposure variables
Table 46 Percentages of low back pain using various definitions for each exposure group. Values in 
percentages.
Outcome Exposure
Back Pain 
Status Low - Low Low - High High - Low High - High Total %
Last 7 days N=638 39.5 43.9 46.5 61.1 48.6
Last 7 days & past 
12 months N=519 10.4 10.2 15.6 19.9 55.9
Last 7 days without 
recurrent trouble
>2-3 times or more 
than one week in 3.1 2.9 3.9 6.0 16.0
the previous year 
N=638
Last 7 days with 
recurrent trouble
>2-3 times or more 
than one week in 5.6 5.5 8.9 11.3 31.4
the previous year 
N=638
Last 7 days with 
recurrent trouble
>2-3 times or more 
than one week in 2.7 3.0 7.7 9.3 22.6
the previous year + 
no symptoms before 
present job N=638
Chronic back pain 
N=628 0.00 0.2 0.2 0.5 0.8
Low-Low: Low physical -  Low psychosocial exposure 
Low-High: Low physical -  High psychosocial exposure 
High-Low: High physical -  Low psychosocial exposure 
High-High: High physical -  High psychosocial exposure
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For each exposure group the percentage of respondents experiencing each outcome is 
shown in table 46. The percentage of back disorders for each outcome was greatest in 
the high physical - high psychosocial exposure group i.e. when subjects are exposed to 
both exposures rather than any individual exposure. The total percentage column 
represents the total percentage of back disorders for each outcome for the classified 
population.
The definition of the combined presence of symptoms in the past 7 days and 12 months 
and also for symptoms in the past 7 days and recurrent symptoms may represent 
persistent or episodic conditions rather than casual fleeting pain and discomfort.
Figure 40
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The 7-day prevalence was regarded as the primary outcome measure as recall bias was 
considered to be minimal compared to the other outcome definitions. Figure 40 shows 
that the percentage of cases with low back problems in the last 7 days was highest for
Percentages of Cases with Back Problems in the Last 7 Days
Across Each Exposure Group
N=638
61.1
High Physical ^  
High Psych osocia l ^
High Physical 
Low P sychosocia l
Low Physical 
High Psychosocia l
Low Physical 
Low P sychosocia l
Exposure Groups
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the high physical-high psychosocial exposure group. The lowest percentage of low 
back pain in the last 7 days was in the low physical-low psychosocial exposure group.
Table 47 Percentage of WMSDs across exposure groups for different outcomes.
Outcome Exposure
WMSD Symptom 
Status Low - Low Low - High High - Low High - High Total %
Neck symptoms in 
the last 7 days 7.85 8.16 7.69 9.89 33.59
Shoulder symptoms 
in the last 7 days 7.55 6.76 9.59 12.11 36.01
Wrists/hands 
symptoms in the last 
7 days
3.46 5.03 11.48 15.25 35.22
Neck symptoms in 
the last 7 days and 
past 12 months
7.84 7.37 7.52 9.25 31.97
Shoulder symptoms 
in the last 7 days and 
past 12 months
6.90 5.49 8.31 11.13 31.82
Wrist/hand 
symptoms in the last 
7 days and past 12 
months
2.82 4.39 10.19 14.26 31.66
Low-Low: Low physical -  Low psychosocial exposure 
Low-High: Low physical -  High psychosocial exposure 
High-Low: High physical -  Low psychosocial exposure 
High-High: High physical -  High psychosocial exposure
Table 47 shows that for each exposure group the percentage of cases with each outcome 
was greatest in the high-physical -  high psychosocial exposure group i.e. when subjects 
were exposed to both exposures rather than any individual exposure. The total
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percentage column represents the total percentage for each outcome for the classified 
population.
7.6 Crude odds ratios for back disorders
Figures 41 to 45 show the crude odds ratios and 95% confidence intervals for each 
exposure group for different outcomes of back disorders. The low physical-low 
psychosocial exposure group was used as the reference group in all calculations.
Figure 41
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For figure 41 the highest odds risk ratio was for the high physical-high psychosocial 
exposure group. The odds of experiencing low-back problems in the last 7 days was 
approximately 2.5 times greater if exposed to high physical and high psychosocial 
exposure compared to being low exposed for both factors. The 95% confidence interval 
was greater than one for only the high physical-high psychosocial exposure group. The 
raw data for the crude odds risk ratio calculations are shown in table H3 in appendix H.
Crude Odds Ratios for Risk of Low-Back Disorders
7 day prevalence of self-report symptoms 
N=638
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Figure 42
Crude Odds Ratios for Risk of Low-Back Disorders
Combined 7 day and 12 month prevalence of self-report symptoms
N =519
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Figure 42 shows that the odds of experiencing low-back problems in the last 7 days and 
the past 12 months was approximately 2.5 times greater if exposed to high physical and 
high psychosocial exposure compared to being low exposed for both factors. The odds 
ratio for the high physical -  low psychosocial exposure group (OR 1.84) also increased 
the risk. The 95% confidence interval was greater than one for both these groups only. 
The greatest risk was for the high physical -  high psychosocial exposure group.
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Figure 43 shows that the odds ratio of experiencing low-back problems in the last 7 
days and not experiencing recurrent symptoms (OR 1.64) was highest for the high 
physical -  high psychosocial exposure group. The 95% confidence interval was less 
than one for this exposure group and the other exposure groups.
Figure 44
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For figure 44 the highest odds risk ratio was for the high physical-high psychosocial 
exposure group. The odds of experiencing low-back problems in the last 7 days and 
also recurrent problems was approximately 2 times greater if  exposed to high physical 
and high psychosocial exposure compared to being low exposed for both factors. The 
95% confidence interval was greater than one for only the high physical-high 
psychosocial exposure group.
Figure 45
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For figure 45 the highest odds risk ratio was for the high physical-high psychosocial 
exposure group. The odds of experiencing low-back problems in the last 7 days and 
recurrent problems that were not present before the present job was approximately 3.5 
times greater if exposed to high physical and high psychosocial exposure compared to 
being low exposed for both factors. The 95% confidence interval was greater than one 
for all exposure groups.
Crude Odds Ratios for Risk of Back Disorders
7 day prevalence with recurrent problem s not present before the present job
N=638
m w w w w w w w  
^  95% Cl (1.48-5 .35)  
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I
Low Physical 
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95% Cl (1 .48-5.35)
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From figures 41 to 45 the odds ratio increased relative to the low physical -  low 
psychosocial exposure group for the different outcomes of back disorders except for 
symptoms experienced in the last 7 days and not experiencing recurrent problems.
For symptoms experienced in the last 7 days with recurrent problems that were not 
present before the current job, the odds ratios were higher in all the exposed groups 
compared to the risks for other back disorder outcomes. The 95% confidence intervals 
were greater than one for all the exposed groups.
Exposure to high physical work risk factors, irrespective of psychosocial exposure 
status, increased the risk greater than high exposure to psychosocial work risk factors 
and low physical exposure.
Table 48 shows the calculation of interaction effects for different outcomes of self- 
reported back disorders using equation 2 shown in section 2.9.2. For the primary 
outcome measure (symptoms of back disorders in the last 7 days) the excess risk for the 
high physical -  high psychosocial exposure group (1.41) was greater than the sum of the 
excess risk for the high physical-low psychosocial and the low physical -  high 
psychosocial exposure groups (0.53). Therefore, an interaction was evident between 
physical and psychosocial exposure to work risk factors of WMSDs. An interaction 
effect was also present for other outcomes of self-reported back disorders. A consistent 
interaction effect was evident across the different outcomes of low-back disorders.
However, for the 7-day prevalence of symptoms without recurrent back problems the 
95% confidence interval was less than one, therefore, it cannot be stated with 
confidence but it seems probable that an interaction effect was present for this outcome.
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7.6.1 Crude odds risk ratios for the neck, shoulder and wrist/hands
Table 49 Crude odds ratios for each exposure group for symptoms in the neck, shoulders and 
wrist/hands.
Outcome
Status Exposure
Low Physical 
Low Psychosocial
Low Physical 
High Psychosocial
High Physical 
Low Psychosocial
High Physical 
High Psychosocial
Neck symptoms in 
the last 7 days
OR 1.00 OR 1.42 
(0.84-2.40)
OR 0.71 
(0.43-1.17)
OR 1.01 
(0.62-1.64)
Shoulder 
symptoms in the 
last 7 days
OR 1.00 OR 1.12 
(0.66-1.92)
OR 1.03 
(0.63-1.68)
OR 1.48 
(0.92-2.39)
Wrists/hands 
symptoms in the 
last 7 days
OR 1.00 OR 2.02 
(1.06-3.88)
OR 3.77 
(2.13-6.73)
OR 6.33 
(3.59-11.26)
Neck symptoms in 
the last 7 days and 
past 12 months
OR 1.00 OR 1.2 
(0.71-2.04)
OR 0.69 
(0.42-1.14)
OR 0.91 
(0.56-1.48)
Shoulder 
symptoms in the 
last 7 days and 
past 12 months
OR 1.00 OR 0.93 
(0.53-1.63)
OR 0.95 
(0.58-1.58)
OR 1.46 
(0.90-2.37)
Wrist/hand 
symptoms in the 
last 7 days and 
past 12 months
OR 1.00 OR 2.11 
(1.05-4.25)
OR 3.95 
(2.14-7.35)
OR 6.94 
(3.79-12.82)
(Cornfield 95% Confidence Intervals)
Table 49 shows the crude odds ratios for the 7-day and combined 7-day and 12-month 
symptom prevalences of neck, shoulder and wrist/hands disorders. In summary, an 
interaction between physical and psychosocial work risk factors was not present for the 
neck region. An interaction between physical and psychosocial work risk factors was
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present for the shoulders and the wrist/hand regions. The confidence limits were greater 
than one for the wrist/hands. Confidence limits for the neck and shoulder regions were 
less than one. The risk estimates for the 7-day prevalence and the combined 7-day and 
12-month prevalence for the wrist/hand region were greater than those observed for the 
low-back region.
7.6.2 Conclusion from the analysis of the crude odds risk ratios
An interaction effect was observed between physical and psychosocial exposure for 
WMSDs of the low back and the wrist/hands and a tentative association was observed 
for the shoulder region. An interaction effect was not observed for the neck region.
An increased risk was observed for recurrent and non-recurrent back disorders. The 
prevalence of chronic back disorders was also highest in the high physical -  high 
psychosocial exposure group. It was evident that being highly exposed to both physical 
and psychosocial exposure increased the risk of WMSDs greater than being highly 
exposed to any single exposure factor.
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7.7 Stratified analysis for symptoms of low-back disorders in the last 7 days
The exposure groups were stratified across age and cumulative exposure in order to 
estimate the presence of confounding and/or effect modification of these variables upon 
the odds ratios for each exposure group. The assessment of gender as a confounder or 
effect modifier could not be determined as they were zero marginal frequencies in the 
contingency tables, thus, preventing a calculation of the M-H weighted estimator.
7.7.1 Stratified odds ratios across age strata
Table 50 Stratified odds ratio for age and exposure for low-back symptoms in the last 7 days 
(N=755).
A g e Exposure
Years Low Physical Low Psychosocial
Low Physical 
High Psychosocial
High Physical 
Low Psychosocial
High Physical 
High Psychosocial
<40 OR 1.00 OR 1.46 OR 1.21 OR 2.12
>40 OR 1.00 OR 0.88 OR 1.54 OR 2.36
Table 50 shows the odds ratios estimated for each stratum of age and for each exposure 
group. There was only a slight increase in the odds ratio for increasing age. The odds 
ratio for the low physical-high psychosocial exposure group decreased with increasing 
age. Therefore, it was inferred that age did not strongly modify the effect of exposure 
associated with the outcome.
Table 51 shows the Mantel Haenszel (M-H) weighted odds ratio, which is a summary 
measure of risk across a number of strata using a weighting factor. The magnitude of 
confounding is estimated by comparing the estimate of the crude odds ratios with the 
estimate derived from the M-H weighted odds ratio. From table 51, the difference 
between the two effect measures was negligible, hence, it was suggested that age was 
not a confounder between exposure and the outcome.
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Table 51 Crude and Mantel Haenszel weighted odds ratios for stratification by age and exposure 
for low-back symptoms in the last 7 days (N=755).
Measures Exposure
Low Physical 
LowPsychosocial
LowPhysical 
High Psychosocial
High Physical 
Low Psychosocial
High Physical 
High Psychosocial
Crude Odds Ratio 1.00 1.21 1.37 2.27
M-H Weighted 
Odds Ratios 1.00 1.16 1.34 2.23
Cornfield 95% 
Confidence interval 0.61-1.65 0.69-1.96 0.83-2.17 1.38-3.59
M-H Summary %2 0.01 0.22 1.33 11.40
p value 0.905 0.640 0.248 0.001
7.7.2 Stratified odds ratio across years on the job strata
Table 52 Stratified odds ratios for current years on the job and exposure for low-back symptoms in 
the last 7 days.
Cumulative
Exposure Exposure
Years LowPhysical Low Psychosocial
LowPhysical 
High Psychosocial
High Physical 
LowPsychosocial
High Physical 
High Psychosocial
<6 OR 1.00 OR 1.07 OR 0.82 OR 1.7
6-15 OR 1.00 OR 1.0 OR 2.33 OR 3.33
>15 OR 1.00 OR 1.44 OR 4.43 OR 4.73
Table 52 shows the modification in the odds ratio for increasing years on the job for 
each exposure group. The odds risk ratio increased for each exposure group as the 
number of years worked on the job increased. The second and third stratum odds ratios
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were calculated from small numbers but cumulative exposure seemed to be an effect 
modifier.
Table 53 shows the crude odds ratios and the weighted Mantel-Haenszel odds ratios for 
stratification of years on the job. The difference between the crude odds ratios and the 
M-H odds ratios was very small. This suggested that the cumulative exposure surrogate 
was not a confounder between exposure and the outcome.
Table 53 Crude odds ratios and Mantel Haenszel weighted odds ratios for years on the job for low- 
back symptoms in the last 7days.
Measures Exposure
Low Physical 
Low Psychosocial
Low Physical 
High Psychosocial
High Physical 
Low Psychosocial
High Physical 
High Psychosocial
Crude Odds Ratio 1.00 1.18 1.34 2.31
M-H Weighted 
Odds Ratio 1.00 1.12 1.29 2.24
Cornfield 95%
Confidence
Interval
0.60-1.67 0.66-1.91 0.81-2.09 1.39-3.66
M-H Summary %2 0.02 0.11 1.05 11.47
p value 0.90224 0.74403 0.30548 0.00071
7.7.3 Conclusions from the stratified analysis
From the stratified analysis, there was a departure from an additive model for
I
interaction for the years on the job strata <6 years and 6-15 years. There was not an 
interaction effect for the >15 years on the job stratum. Exposure to the high physical 
exposure groups increased the risk by a factor of 4 for back disorders at this stratum. 
This suggested that the interaction of physical and psychosocial exposure was 
dependent upon cumulative work exposure. However, the result should be interpreted 
with caution as the relatively few subjects for this stratum led to a decrease in precision 
of the risk estimate.
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7.8 Unconditional logistical regression modelling
The unconditional logistic regression model described in section 6.6.2 was used to 
calculate odds ratios for each of the exposure variables while controlling for potential 
confounders and effect modifiers. Using the model strategy described in section 6.6.2, 
the reduced model (model II) was not significant (x2=6.706 df=6 at p=0.01 level), 
hence, it was selected as the final model. Table 54 shows the odds ratios and model 
parameters for each variable in the final model. Details are shown in tables H4 and H5 
of appendix H.
Table 54 Final Logistical Model of exposure adjusting for age, gender and cumulative exposure for 
low-back symptoms in the last 7 days.
MODEL II -2  Log Likelihood 1037.732 N=869
Covariate Odds Ratio B Coefficient !Standard Error p-value
Low Physical Exposure 
High Psychosocial Exposure 0.9 -0.1075 0.2348 0.6471
High Physical Exposure 1.1 0.1160 0.1991 0.5603Low Psychosocial Exposure
High Physical Exposure 
High Psychosocial Exposure 1.9 0.6363 0.2015 0.0016
Age (years)
<40
>40
1.0
0.8
-0.2134 0.1679 0.2038
Gender
female
male
1.0
0.9
-0.1254 0.2293 0.5844
Cumulative Exposure (years)
<6 1.0 - - -
6-15 1.2 0.1919 0.2021 0.3423
>15 0.9 -0.1326 0.2215 0.5493
Low physical -  Low psychosocial exposure: Reference Category
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Outcome: Symptoms of low-back disorders in the last 7 days
(OR-High-High “ OR Low-Low) “  (ORnigh-Low “ O R  Low-Low) (ORLow-High “ O R  Low-Low) (2)
(1.9-1) *(1.1-1)+ (0.9-1)
0.9 > 0
Using equation 2, there was a departure from additivity which suggested that an 
interaction between physical work risk factors and psychosocial work risk factors 
increased the risk of low-back disorders defined as symptoms experienced in the last 7 
days obtained from self-report. Age, gender and cumulative exposure did not increase 
the risk of low-back disorders. Cumulative exposure was not found to effect modify the 
relationship between exposure and outcome contrary to the stratified analysis.
The unconditional logistic regression model supported the stratified analysis and crude 
risk analysis to reveal an interaction between physical and psychosocial risk factors that 
increased the risk of low back disorders defined as self-report symptoms experienced 
within the last 7 days.
7.9 Bias effects
7.9.1 Healthy worker effect
Table 55 shows the number and percentage of the study population by job category 
classified into each exposure group. Ninety percent of cylinder handlers were classified 
into the high physical exposure groups. Ninety-three percent of office workers were 
classified into low physical exposure groups. Ninety-eight percent of Industrial and 
Sureflow drivers were classified into high physical exposure groups. Seventy-eight 
percent of technicians were classified into high physical exposure groups.
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In order to investigate the potential of a healthy worker effect in the data, medical 
severance data were gathered for the years 1991-1996. It was assumed that all workers 
medically severed with back or spinal injuries reported symptoms in the low back in the 
last 7 days and that medically severed workers could be classified into exposure groups 
using the percentage distributions for each job category across exposure groups from 
the survey.
Table 55 Number of cases (percentages) for each job category falling into each exposure group.
Job Class Exposure Totals
Low-Low Low-High High-Low High-High
8(5.3) 8(5.3) 65(43.1) 70(46.4) 151 (100)
Office 129(50) 110(42.6) 9(3.5) 10(3.9) 258(100)
1 (1.8) 0(0) 17(30.9) 37(67.3) 55(100)IndustrialDriver
Sureflow
Driver 2(1.8) 0(0) 72(63.2) 40(35.1) 114(100)
Technicians 5 (12.2) 4(9.8) 15(36.6) 17(41.5) 41 (100)
Cryospeed
Driver 0 (0) 0 (0) 0 (0) 1 (100) 1 (100)
D r i w r ^  0(0) 0(0) 1 (25) 3(75) 4(100)
Totals 145 122 179 178 624
Low-Low: Low physical -  Low psychosocial exposure 
Low-High: Low physical -  High psychosocial exposure 
High-Low: High physical -  Low psychosocial exposure 
High-High: High physical -  High psychosocial exposure
The exposure classified medical severance cases were added to the exposure grouping 
data to calculate the odds ratios adjusted for a potential healthy worker bias. The 
percentage of medical severance cases with spine, low back and general
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musculoskeletal conditions was approximately 60%. The remaining 40% had 
musculoskeletal conditions in the neck, shoulders, upper arms, hips, knees and ankles.
A detailed tabulation of the medical severance classification could not be shown due to 
the sensitivity of the data.
Table 56 shows the odds ratios adjusted for the number of medical severance cases in 
the last 5 years with back and spinal problems. The interaction effect between physical 
and psychosocial exposure was observed. The inclusion of all medical severance cases 
increased the odds ratios in each exposure group and also demonstrated an interaction 
but is not shown here because the assumption that all medical severance cases 
experienced low-back disorders in the last 7days may be unrealistic.
Table 56 Crude odds ratios for each exposure group adjusting for the number of medical severance 
cases with back and spinal problems for low-back symptoms in the last 7 days.
Exposure
Low Physical 
Low Psychosocial
Low Physical High Physical 
High Psychosocial Low Psychosocial
High Physical 
High Psychosocial
OR 1.00 OR 1.17 OR 1.54 95% Cl (0.71-1.93) 95% Cl (0.99-2.39)
OR 2.82 
95% Cl (1.81-4.42)
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CHAPTER 8 
THE DISCUSSION
8.1 Previous research
The review of the literature on work related musculoskeletal disorders (WMSDs) in 
chapters 1 and 2 revealed that:
•  Standard procedures/diagnostic methods for assessment c f  WMSDs were not 
evident
• Sef-report questionnaires have repeatedly been used to assess exposure to work 
related risk factors but should be validated
• Physical work risk factors were implicated in the causation and exacerbation c f  
WMSDs
• Most epidemiological studies had not quantified exposure to physical work factors 
using measures c f  level, frequency and duration
• Psychosocial and organisation work factors were implicated in the causation and 
exacerbation c f  WMSDs
• There was inconsistent definition cfpsychosocial work factors
• Possible interaction ejfects between physical and psychosocial work factors had not 
been studied
• The presence c f  interaction ejfects may be important fo r  prevention strategies for  
WMSDs.
8.2 Aims of the study
The main study aim was to assess whether physical and psychosocial work risk factors 
interacted to increase the risk associated with low-back disorders and other WMSDs. 
The subsidiary aims were to explore the nature of interactions using existing models and 
to generate a research model for future work, and to test whether the instruments used to 
assess exposure could provide sufficient contrast between low and high exposure 
groups.
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8.3 Limitations of the study
The study design faced similar methodological difficulties to other epidemiological 
studies investigating the aetiology of WMSDs. However, issues affecting the study 
precision and validity were addressed and attempts were made to limit their effects. 
Potential confounders and effect modifiers were included in the analysis to assess their 
effects upon the relationship between exposure and outcome. The study design strategy 
was described in chapter 6 and a discussion of the study design can be found in section 
8 .6 .
8.4 Discussion of the study findings
8.4.1 Interactions for different outcomes
The study showed that a combination of high physical and high psychosocial exposure 
to known work risk factors was associated with an increased risk of self-reported back 
disorders and other WMSDs.
The combination of high physical and high psychosocial exposure increased the 
magnitude of risk greater than either exposure acting relatively independently for the 
low back, hands/wrist and shoulder regions. The excess risk for the high physical -  
high psychosocial exposure group was greater than the sum of the excess risk for high 
physical -  low psychosocial exposure and low physical -  high psychosocial exposure 
indicating an interaction effect.
Analysis of the crude odds ratios for different back disorder outcomes involving the 
experience of symptoms in the last 7 days demonstrated a consistent finding that a high 
combination of physical and psychosocial exposure increased the magnitude of risk 
greater than the sum of either exposure acting relatively independently.
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Subjects with 7-day symptomology and recurrent symptoms that were not experienced 
before starting their present job showed almost a four-fold increase in risk for the high 
physical -  high psychosocial exposure group. A three-fold increase in risk was 
observed for the high physical -  low psychosocial exposure group. Individuals exposed 
to low physical exposure and high psychosocial exposure were at approximately one 
and a half times the risk of back disorders. This outcome provided strong evidence that 
exposures experienced in the current job were associated with recurrent back disorders.
The results from the analysis of the crude odds ratios, the weighted odds ratios and the 
odds ratios obtained from the logistic modelling for the low back consistently revealed 
the presence of an interaction effect between high exposure to physical and 
psychosocial work risk factors. The state of the art knowledge and models, at the time 
of the study design, were used to define high and low physical and psychosocial 
exposure groups.
The main outcome of this study was low-back disorders and the criteria used for 
exposure classification were primarily based on risk factors for the low back. It was 
considered appropriate to investigate possible interaction effects using the same 
exposure criteria for disorders of the wrist/hands, neck and shoulders since the effects of 
load handling (one of the physical exposure criteria) for these disorders has been 
investigated by very few studies (Hagberg, 1996).
Crude analysis for the wrist/hand region showed a six to seven fold increase in risk for 
the high physical -  high psychosocial exposure group. A greater than additive effect 
was observed for this musculoskeletal region. A four-fold and two-fold increase in risk 
was observed for the high physical -  low psychosocial exposure group and the low 
physical -  high psychosocial exposure group respectively.
A tentative interaction effect was observed between physical and psychosocial work 
factors for the shoulder region although the lower limit of the 95% confidence interval
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for the high physical-high psychosocial exposure group was less than one, indicating 
that an increased risk may not exist.
Crude analysis for WMSDs in the neck region did not reveal an interaction between 
physical and psychosocial exposure.
This study is the only study that has investigated possible interaction effects, using an 
additive model of interaction, between physical and psychosocial work risk factors and 
associations with low-back disorders and other WMSDs.
For the assessment of interaction, departures from an additive model are the most 
relevant for addressing public health concerns regarding disease frequency reduction 
(Kleinbaum, Kupper et al., 1982).
8.4.2 Agreement with previous studies
Some of the findings in this study agree with other studies investigating an association 
of a combination (not interaction) of physical and psychosocial work factors for 
WMSDs (Linton, 1990; Faucett & Rempel, 1994). Linton (1990) showed that a 
combination of lifting and poor psychosocial work environment increased the risk by 
two and half times for back or neck problems requiring medical attention within the past 
year compared to individuals not exposed to either factor.
In this study an increase in risk of the same magnitude was found for a combination of 
lifting and driving and a poor psychosocial environment for low-back disorder 
symptoms experienced within the last 7 days and past 12 months. Similar combined 
effects were not observed for the neck region.
The influence of other physical work risk factors not studied here, such as relative 
keyboard height and seat back heights, may be modified by the psychological workload, 
decision latitude and employee relations with the supervisor (Faucett & Rempel, 1994).
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Strong interaction effects may exist between physical work factors alone (Silverstein, 
Fine et al., 1986). A strong interaction effect was observed for a high combination of 
force and repetition for hand/wrist disorders relative to other exposure combinations. 
Heavy lifting requires large forces to be exerted by the wrist/hands while in motion and 
has been shown to be involved in the development of wrist/hands disorders in a two 
year prospective study (Malchaire, Cock et al., 1997). High physical exposure in this 
study comprised of a combination of high force and frequent use of such force. The 
interaction effect between these risk factors may explain the observed increase in risk 
for the two high physical exposure groups. High psychosocial exposure increased 
further the risk estimates for workers also exposed to high physical exposure.
Office workers who were not exposed to physical work risk factors but were highly 
exposed to psychosocial work risk factors may be at an increased risk of WMSDs of the 
neck. High exposure to poor social support, low job control and perceived high work 
demands has increased the risk of neck and shoulder disorders in office workers 
(Kamwendo, Linton et al., 1991b). Physical work factors such as static work postures, 
limited opportunities to take rest breaks and too highly placed keyboards may also 
influence disorders of the neck and shoulders (Bergqvist, Wolgast et al., 1995a).
Other studies have also demonstrated an increased risk of neck disorders for office 
workers (Burt, Silverstein et al., 1992; Bernard, Sauter et al., 1994; Hales, Sauter et al.,
1994).
The office workers in this study had few opportunities to change from a static seated 
posture and spent most of the day using a keyboard or mouse. Figure 4 in chapter 2 
showed that the relative risk between high exposure and low exposure to static muscle 
activity for disorders of the neck and shoulders may be small compared to using the 
medium exposure group for the reference group. Office workers were classified as low 
exposure and manual handlers performing heavy physical work were classified as high 
exposure. Sustained muscle contractions associated with static seated posture may,
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therefore, increase the risk of neck and shoulder disorders. This may explain the 
absence of an interaction effect between high physical and high psychosocial exposure 
for symptoms of neck disorders and may also explain the tentative interaction effect for 
shoulder disorders.
8.5 Exploring the study findings
8.5.1 A proposed research model for WMSDs
A proposed research model (see figure 46) was developed after existing models were 
explored, the previous literature was reviewed and the findings of this study were 
assessed. The model is a result of the evidence and hypotheses generated from these 
sources. The pathways shown in the model are considered and the evidence for such 
pathways are described further on.
Figure 46 shows the interrelationships between organisation, psychosocial and physical 
work factors and the cascading effect of previous doses that may reduce individual 
capacity to the extent that work related musculoskeletal disorders develop. The results 
from this study support the pathways showing that physical and psychosocial work 
factors may act independently to increase the dose or may interact to result in an even 
greater dose for some types of WMSD. Workers with recurrent problems were at a 
greater risk suggesting that previous experience of WMSDs affected capacity, which 
could lead to further problems with the continued presence of exposure (perhaps at the 
same level or at lower levels).
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Figure 46 Proposed WMSD research model.
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This mechanism fits within the conceptual cascading WMSD model proposed by the 
ICOH Scientific Committee for Musculoskeletal Disorders (Armstrong, Buckle et al., 
1993; Kilbom, Armstrong et al., 1996).
Interactions between and within exposures and also within capacity may exist but the 
model is simplified to emphasise the pathways between exposure and outcome.
The research model shows a direct pathway between perceived tension, increased 
sensitisation and other internal capacity factors that may alter psychosocial work 
exposure (the perception of work organisation factors). It is doubtful that capacity 
factors are steady state and probably vary over time. The presence of WMSDs may 
alter beliefs, attitudes and subsequent recovery and other capacity factors, which can be 
mediated through psychosocial exposure to change the physical exposure.
The work organisation design will influence the performance and goals of the work 
system and may directly influence physical and psychosocial work exposure. The 
manner in which the organisation of work may affect physical and psychosocial 
exposure has not been adequately researched in the context of WMSDs (Karasek & 
Theorell, 1990).
8.5.2 Existing models
Illustrative models of the pathways by which physical and psychosocial factors may 
interact and influence the development of WMSDs have been proposed (Bongers, de 
Winter et al., 1993). The model by Sauter & Swanson (1996) is specific to 
musculoskeletal disorders in office work.
Figure 46 is a generic WMSD model and illustrates the importance of organisation work 
factors upon physical and psychosocial exposure that was not included as a pathway in 
the previous model by Bongers, de Winter et al. (1993). It addresses the importance of 
previous exposures upon current capacity and current psychosocial perceptions not
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included in these models. It also separates work organisation and psychosocial 
exposure which is not demonstrated by the previous model by Sauter & Swanson 
(1996). The current model does not show a pathway linking WMSDs to work 
organisation but rather indicates that outcome status can affect the individual capacity 
that may then alter psychosocial exposure. The model also provides a step forward in 
understanding the possible interactions between work factors that increase the risk of 
WMSDs.
Organisation and psychosocial factors cjfect physical exposure 
The model in figure 46 proposes that psychosocial and organisational work factors may 
directly affect physical work exposure. To illustrate this proposal using anecdotal data 
from subjects’ direct observation, lifting frequency may be affected by perceived time 
pressure perhaps brought about by poor communications and poor social support 
between customer service advisors and drivers.
High social support between workers and managers may promote the development of 
ergonomic strategies to reduce physical exposure such as alterations in work technique, 
using lifting equipment, taking rest and being involved in organisational health and 
safety issues (Torp, Riise et al., 1997). Psychosocial and organisation factors may 
modify physical exposure to reduce or increase the biomechanical dose.
Exposure to physical work risk factors results in an increased dose 
The biomechanical load (dose) would result from external loads and from the muscular 
activation during additional postural demands that could increase the risk of injury 
during the performance of forceful tasks (Haselgrave, 1994; Wickstrom, 1996).
This is supported from biomechanical studies showing that increased lifting exertions 
and increased lateral and twisted trunk velocity increases trunk muscle coactivity that 
increases the risk of injury (Marras, Lavender et al., 1995; Marras & Granata, 1997). 
The biomechanical knowledge is also supported by the epidemiological evidence 
(Kelsey, Githens et al., 1984; Punnett, Fine et al., 1991).
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Work organisation cjfects psychosocial work factors
Changes in work organisation factors e.g. reducing cylinder deliveries to underground 
pub cellars, while maintaining the number of customer orders, may still reduce the 
physical exposure and so the biomechanical dose. More ground level deliveries would 
also allow more frequent usage of a cylinder trolley that would result in relatively low- 
back compression forces (Okunribido & Haselgrave, 1997).
Work organisation factors may also directly influence psychosocial work factors. From 
conversations with delivery drivers, the decentralisation of delivery call schedules to 
delivery drivers may increase perceived job control as long as there is little work role 
ambiguity and job conflict between drivers.
Psychosocial work factors such as low perceived job control and low job discretion may 
be determinants of WMSDs of the back and shoulders (Hemingway, Shipley et al.,
1995) (Holmstrom, Lindell et al., 1993; Bernard, Sauter et al., 1994). Work role 
ambiguity has also been shown to be a risk factor for WMSDs of the neck and shoulders 
(Ekberg, Karlsson et al., 1995).
Poor flow of communications within an organisation may result in poor perceived social 
support structures between managers and co-workers. Inspection of preliminary 
analyses suggested that low supervisor support and low co-worker support were 
associated with low-back disorders. Three prospective studies have found low social 
support with management and/or co-workers to be strong predictors of WMSDs defined 
as reported back injury (Bigos, Battie et al., 1991), sciatic pain (Riihimaki, Viikari- 
Juntura et al., 1994) and self-report back, neck and upper limb symptoms and clinical 
examination (Leino & Hanninen, 1995). In cross-sectional studies, perceived lack of 
social support from management/co-workers was found to be a risk factor for upper 
limb disorders (Bernard, Sauter et al., 1994; Faucett & Rempel, 1994), neck and 
shoulder disorders (Linton, 1990; Toomingas, Theorell et al., 1992) and low-back 
problems (Linton, 1990; Skov, Vilhelm et al., 1996).
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E x p o s u r e  to  p s y c h o s o c ia l  w o r k  r is k  f a c t o r s  r e s u l ts  in  a  d o s e
The dose resulting from exposure to psychosocial work factors may influence WMSDs 
via two mediating routes.
Firstly, the dose is hypothesised to stimulate excessive neuromuscular tension additional 
to the tension brought about by physical exposure. Neuromuscular tension is correlated 
with psychosocial work risk factors and the development of WMSDs, defined as muscle 
pain syndromes, but the relationships are unclear (Westgaard, 1996).
Three mechanisms have been proposed for this possible correlation. First, psychosocial 
factors act through increased neuromuscular tension. Second, psychosocial factors may 
act through an interaction with neuromuscular tension brought about by physical work 
demands. Thirdly, psychosocial factors may act via an alternative mechanism 
independent of neuromuscular activity.
At present, the evidence suggests that neuromuscular activity and psychosocial factors 
can act independently towards the development of WTMSDs (Theorell, 1996; Vasseljen 
Jr & Westgaard, 1996; Westgaard, 1996). Additionally, a feeling of general tension (a 
psychological stress symptom) may also act independently of muscle fibre activation 
measured by surface electromyography (Vasseljen Jr, Westgaard et al., 1995).
The second mediating route may be that the dose from psychosocial exposure may 
indirectly modify the effect of the biomechanical dose upon the development of 
WMSDs. Individuals experiencing high psychosocial exposure may have increased 
sensitisation to discomfort and distress which may affect individual capacity such that 
the response to further doses from physical and psychosocial exposure is intensified.
I n te r a c tio n s  w ith in  p h y s i c a l  e x p o su r e  a n d  p s y c h o s o c ia l  e x p o su r e
It is also reasonable to suggest that a high dose may result from exposure to a number of
risk factors that act independently (Heliovaara, Makela et al., 1991; Makela, Heliovaara
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et al., 1991; Holmstrom, Lindell et al., 1993; Bongers & Houtman, 1995; Liira,
Shannon et al., 1996). It has been shown in this study that a combination of high 
physical exposure and high psychosocial exposure can increase the risk effect greater 
than the sum of the separate effects. This implies that a greater dose is exerted upon 
individual capacity that is greater than the dose from each exposure acting 
independently.
8.5.3 Consistency of relationships and different outcomes of WMSDs
It is unclear whether the complex relationships between physical and psychosocial work 
factors may also be dependent upon the type of musculoskeletal outcome measured. 
Linton (1990) found combinations of high physical load and poor psychosocial 
environment to be associated with neck and back troubles requiring medical attention.
This study found that a combination of high physical exposure and high psychosocial 
exposure was strongly associated with recent and recurrent self-report symptoms of 
WMSDs in the back and the wrist/hands.
Combinations of physical and psychosocial work risk factors can affect symptom 
reporting and the need for medical attention because of musculoskeletal problems.
Physical work factors may predict the first time incidence of WMSDs (Burton, Tillotson 
et al., 1996; Hakkanen, Viikari-Juntura et al., 1997). Continued exposure to factors 
such as physical work and vehicle use may only partly influence the progression to 
chronicity defined as persistent episodes of self-reported back pain that may result in 
work loss.
This study showed that “so-called” persistent episodes of self-reported back pain that 
began since beginning the present job were strongly associated with exposure to heavy, 
frequent lifting and driving physical. It was also shown that risk of work loss due to 
medical severance was higher for occupational groups exposed to heavy physical work.
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Other factors such as worker beliefs and attitudes may influence chronic 
musculoskeletal problems and work loss (Symonds, Burton et al., 1995; Burton, 
Tillotson et al., 1996). The time taken to recover from work loss due to back trouble 
may also be associated with negative attitudes and beliefs about pain related issues 
(Symonds, Burton et al., 1996). Negative beliefs concern aspects of the future, 
consequences of low back trouble and beliefs about causation. Attitudes concern how 
individuals respond to their disability e.g. back trouble means having to sit down for 
most of the day. Another factor, pain locus of control, regards how individuals perceive 
the responsibility of management of pain and may also be important for predicting 
return to work. In this study, it was expressed by some workers that the potential long 
term effects of future exposure to heavy physical work concerned them greatly and that 
they felt that they were vulnerable to further injury if they continued work or returned to 
work before having adequate time to recover.
Return to work also seems to be dependent upon the presence of pain and disability, 
worker compensation claims and personal injury insurance status (Gatchel, Polatin et 
al., 1995). It has been speculated that such factors may be possible antecedents for 
some of the medical severance cases in this study.
The available evidence suggests that WMSDs and their effects and antecedents may be 
dependent upon the time course of such disorders. A temporal dependence of the 
presentation of upper limb disorders has been expressed (Buckle, 1997) and shows the 
possible metamorphosis of a worker into a medical and/or psychiatric patient depending 
on the intervention received.
8.5.4 Response rates in comparison to other studies
The overall response rate (59%) was comparable to another cross-sectional study using 
self-report questionnaires for drivers, manual handling workers and office workers
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(66%) (Riihimaki, Tola et al., 1989). Higher response rates were obtained for office 
workers compared to manual handling workers and lorry drivers.
The response rate for delivery drivers in this study (49%) was lower than other studies 
solely investigating drivers using self-report questionnaires (Hedberg, 1988; Bovenzi & 
Zadini, 1992; Van der Beek, Frings-Dresen et al., 1993). Response rates in these 
studies ranged from 55% to 80%. The professional drivers in the Sureflow organisation 
had a response rate of 72% and this was probably due to the close involvement of this 
organisation in the pilot work and the manual handling task force.
The response rate for office workers in this study (82%) was slightly less than other 
studies solely investigating office workers using self-report questionnaires (Kamwendo, 
Linton et al., 1991b; Bernard, Sauter et al., 1994; Bergqvist, Wolgast et al., 1995b). 
Response rates in these studies varied from 92% to 96%.
Studies investigating predominantly single occupational groups using self-report 
questionnaires tended to have higher response rates (Hedberg, 1988; Kamwendo, Linton 
et al., 1991b; Bovenzi & Zadini, 1992; Van der Beek, Frings-Dresen et al., 1993; 
Bernard, Sauter et al., 1994; Bergqvist, Wolgast et al., 1995b). This may be a result of 
all the questions being relevant to that specific study population or that the study 
population may be aware that the results were to purely benefit them as an occupational 
group.
8.5.5 Prevalence of WMSDs across exposure groups
The prevalence of self-reported back disorders increased from the reference exposure 
group to the high physical -  high psychosocial exposure group for all the outcome 
definitions used. This suggests that performing frequent manual handling tasks results 
in a greater probability of experiencing back disorder symptoms than office workers 
with relatively low exposure to physical work risk factors. This finding was consistent 
with a longitudinal study of a mixed work population performing machine work,
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dynamic postural work and office work (Riihimaki, Tola et al., 1989; Riihimaki, 
Viikari-Juntura et al., 1994).
Sedentary office workers in this study population mostly performed computer work and 
answered continuous customer phone enquiries for most or all of the working day. 
Therefore, postures were constrained to sitting for most of the working day.
Literature reviews have identified long periods of sitting as a risk factor for low-back 
pain (Pope, Andersson et al., 1991; Garg & Moore, 1992). However, one critical 
review did not include sitting as a risk factor (Burdorf, 1992a). It has also been 
continuously asserted that the evidence for associations between low-back disorders and 
sedentary work or sitting is contradictory (Riihimaki, 1991; Riihimaki, 1995; Riihimaki, 
1997).
The prevalence of back disorder symptoms in the last 7 days was 40% and 44% for the 
exposure reference group and the low physical -  high psychosocial exposure group 
respectively. This high prevalence in light (more static) work has been shown in other 
similar professions (Hildebrandt, 1995a). The estimates of risk associated with low- 
back disorders may have been underestimated as a result of the unexposed reference 
group potentially being at risk of low-back disorders relative to a sedentary worker 
group not exposed to constrained working postures.
Exposure to constrained sitting and forced non-neutral trunk postures and low whole 
body vibration has been shown to increase the risk of low-back pain (threefold) 
compared to sitting by office workers (Burdorf, Naaktgeboren et al., 1993).
Sitting combined with vibration has consistently been reported by many studies to 
increase the risk of back disorders (Wilder, 1993; Wickstrom, Kjellberg et al., 1994; 
Riihimaki, 1995). Train drivers exposed to sitting and vibration most of the time had 4 
times the risk (OR 3.9 95% Cl 1.7-8.6) of experiencing diagnosed sciatica than a 
comparison group of office workers who experienced sustained sitting (Johanning,
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1991). Additional factors such as the operations of vehicle controls requiring high 
forces in poor postures may also be important and independent of whole body vibration 
but interactions are unclear at present (Haselgrave, 1997).
It seems that little is known about the quantified exposure-effect relationship between 
prolonged sitting and back disorders (Wickstrom, Kjellberg et al., 1994; Riihimaki, 
1997).
8.5.6 Exposure classification
Predetermined exposure criteria were used for classification of individual cases into low 
and high exposure groups. For physical exposure, one hundred and eighty cases did not 
satisfy the criteria for low or high physical exposure classification. The contrast 
between low and high physical exposure was required to reduce the potential effects of 
exposure misclassification (Hemberg, 1992). The elimination of these subjects from the 
risk analyses did not affect the distribution of age, years on the job and gender.
The disadvantage of using such an approach is that a large variation in exposure is 
required within the study population to provide sufficient numbers with contrast 
between low and high exposures. Additionally a large study population is needed in 
order to provide sufficient study power, especially for studying interactions (Gail,
1991).
This study investigated work tasks that could be classified as general manual handling, 
delivery driving or sedentary. As suspected, individual workers from each job 
classification were spread across many exposure groups. The majority of workers 
performing delivery driving and general manual handling were classified into high 
physical exposure groups. The majority of sedentary office workers were classified into 
the two low physical exposure groups.
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The risk associated with the high physical exposure groups was supported by data from 
a U.S. national survey (Guo, Tanaka et al., 1995). The occupational groups at the 
highest risk for back pain all included heavy physical work. Occupational groups who 
performed motor vehicle driving were also considered to be at high risk. Occupational 
groups that perform sedentary work were not considered to be at a high risk of back 
pain.
8.5.7 Questionnaire validity
Exposure misclassification was dependent on the abilities of the exposure 
questionnaires to accurately classify workers with low/high physical and psychosocial 
exposure. The self-report items used for exposure classification were validated in the 
study population and the experimental design and the results were described in chapters 
4 and 5 respectively. The physical exposure criteria were validated using observation 
and instrumental measurements. Psychosocial exposure criteria were validated using 
the psychosocial exposure items in a structured interview.
The observation, instrumentation, and structured interview methods were tested and 
practised to reduce observer and instrument bias. The electrogoniometer device was 
validated under static and dynamic conditions using a video motion analysis system. 
Intermethod reliability was shown to be very high for measurements of angular 
deviation.
For the physical exposure criteria, the results concurred with other studies showing that 
there was a relatively good agreement between self-reported exposures for lifting at 
most levels and the duration of sitting and poor agreement for duration spent in different 
forward bent postures (Wiktorin, Karlqvist et al., 1993; Viikari-Juntura, Rauas et al., 
1996; Wiktorin, Hjelm et al., 1996; Andrews, Norman et al., 1997).
The lack of correlation between self-report and instrumentation for trunk postures 
justified not using this potential work risk factor for exposure classification despite its
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relative importance as a risk factor during the performance of static work tasks and 
tasks requiring the exertion of force (Haselgrave, 1994).
The physical exposure questionnaire was able to classify individuals into low and high 
exposure groups. No subjects were misclassified from high physical exposure to low 
physical exposure or vice versa.
In general, there was fair to excellent correlation for psychosocial exposure measured 
by self-report and structured interview. The psychosocial self-report questionnaire was 
able to sufficiently classify individuals into low and high psychosocial exposure groups 
despite the misclassification of a proportion of subjects into a high psychosocial 
exposure group when the interview classified those subjects into a low exposure group.
It may be that the exposure criteria were too sensitive to slight changes for item ratings 
or that the interview method introduced bias in the interpretation of the same questions 
on the self-report questionnaire. Steps were taken to reduce interviewer bias as 
recommended (Armstrong, White et al., 1994). None the less, misinterpretation was 
possible especially if subjects believed that they were being tested, which may have 
created additional tension affecting concentration and memory recall (Breakwell, 1990). 
Subjects had the opportunity to have the interviewer repeat a question again but this 
opportunity was not often used. Existing evidence in psychology research shows that 
interviewers can introduce bias (Fowler, 1993).
Little is known regarding the temporal relationship of psychosocial work perceptions 
but evidence has shown that psychosocial work factors (including work pressure, job 
control and social support) and relationships to job strain were variable over a three- 
year duration (Carayon, Yang et al., 1995). It is not known whether such psychosocial 
factors vary are on a daily basis but it was assumed that they did not for this study.
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8.5.8 The potential for exposure misclassification
Collecting retrospective data may lead to either differential or non-differential exposure 
misclassification bias. It was not possible to assess whether there was evidence of 
differential or non-differential exposure misclassification but, from previous studies, 
there is not conclusive evidence that subjects overestimate or underestimate exposure 
depending on disease status (Wiktorin, Karlqvist et al., 1993; Bernard, Sauter et al., 
1994; Viikari-Juntura, Rauas et al., 1996).
In this study, subjects were asked to report exposures for the previous day to attempt to 
minimise misclassification bias. A study demonstrated that a short recall period 
(symptoms in the last 7 days or right now) would probably reflect effects of current 
exposures at work (Hagberg & Toomingas, 1996). In the presence of differential 
exposure misclassification the bias effect may be minimised using the 7-day prevalence 
rather than the 12-month prevalence, as subjects are less prone to make recall errors and 
positive symptomology may have less of an adverse effect upon recall.
8.5.9 Assessment of the experimental study design
The sampling strategy of 6 x 10-minute measurement periods was tested to determine 
whether the true exposure was represented on the day of measurement. The sampling 
strategy was able to represent daily exposure to postural load for static and dynamic 
work as previously shown (Van der Beek, Bongers et al., 1995; Van der Beek, Kuiper et 
al., 1995). The results also showed that lifting frequency could be sufficiently 
determined using the sampling strategy. This inference was limited because only one 
subject could be measured over the course of the entire day.
For all subjects, the mean difference in lifting frequency between self-report and 
observation was higher for the 16-45 kg level. This was due to the lifting frequency 
being much higher for this weight level. Subjects manual handling gas cylinders were 
not aware of the number of times cylinders had to be place down and lifted during 
delivery through obstructed doorways and down cellar steps and cylinder sorting
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operations. Subjects most probably tried to estimate the lifting frequency by 
determining the number of cylinders delivered and returned. This would have strongly 
underestimated the lifting frequency as demonstrated for the 16-45 kg weight category.
The underestimation of lifting may have resulted in misclassification of some cases into 
the medium physical exposure group. It was estimated from the misclassification 
matrix (section 5.2.1) that one in six cases may have been misclassified in to this group. 
This did not affect the risk estimates or significantly affect the power of the study.
8.6 Discussion of the study design and bias
8.6.1 Study design and epidemiological inference
The cross-sectional study design allowed the relationship between exposure and disease 
to be examined for individuals at a point in time (Checkoway, Pearce et al., 1989; 
Sorock & Courtney, 1996). It was difficult to determine whether the exposure was an 
antecedent of the outcome using such a study design. However, seventy percent of 
cases in the survey did not experience back problems before their present job, which 
provides some indication that exposure preceded the outcome for many of the study 
population assuming that there was little recall bias.
8.6.2 Selection bias
Workers could not move from heavy physical jobs to lighter physical jobs or vice versa 
in this study population so the risk estimates could not have been underestimated for 
this reason.
Medical severance data for WMSDs revealed that there was a healthy worker selection 
bias in the total study population. Delivery drivers had approximately seven times the 
risk rate ratio of medical severance compared to office workers. Technicians had 
approximately eight times the risk rate ratio of medical severance compared to office
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workers. Cylinder manual handlers had ten times the risk rate ratio compared to office 
workers.
Adjustment of the crude odds ratios for medical severance from back injury resulted in 
higher odds ratios for high physical -  low psychosocial exposure and high physical -  
high psychosocial exposure. The adjusted odds ratios were not greatly different from 
the crude odds ratios suggesting that the magnitude of the selection bias due to workers 
lost from medical severance was not great. An interaction was still present between 
high physical and high psychosocial exposure that increased the risk associated with 
low-back disorders. Adjustment could not be made for workers who had quit the job 
and had not received medical severance.
The survivor population tended to be younger and have less cumulative work exposure, 
which might make them a healthier population. This may partially explain why age and 
years on the job were not found to be strong effect modifiers in the logistic regression 
analysis contrary to other studies (Linton, 1990; Leino, Berg et al., 1994; Hildebrandt, 
1995a; Liira, Shannon et al., 1996). This effect was in accordance with another study 
exhibiting a selection bias (Heuer, Klimmer et al., 1996). The selection bias, can 
therefore, not only mask associations but can also result in apparent improvement of 
low-back trouble with age and years of employment.
The average measures for the number of years spent on the job and age were higher in 
the low physical -  low psychosocial exposure reference group. This may have 
increased the prevalence of WMSDs in the exposure reference group, which would have 
reduced the relative risk effect for the other exposure groups.
8.6.3 Response bias
The age and gender distribution of the total study population was compared with the 
survey response population to reveal a similar percentage distribution. Therefore, a 
response bias due to age and gender differences between the response and non-response
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population was not apparent. Response bias due to outcome status or years spent on the 
job could not be assessed. There is normally a high correlation between age and years 
on spent on the job, which may suggest that the response bias for years on the job was 
minimal.
Workers may under-report symptoms of WMSDs due to concerns that management 
may have access to the data and that there may be reprisals (Hales, Sauter et al., 1994). 
All phases of this study had full support from all levels of management and the unions 
to reduce this potential bias and it was clearly stated by management, the questionnaire 
and the flyer that BOC management did not have access to the data. Presented data 
would be in a format that could not identify individuals.
A facilitator at each organisation work site dealt with administration of the 
questionnaire. Steps were taken to try and improve response rates by using flyers, 
reminder letters and private rooms for questionnaire completion but it was not possible 
to determine whether every potential subject received the questionnaire and so the 
response rate may have been underestimated.
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8.7 Future studies
Research is required into the effects of work organisation upon physical and 
psychosocial factors and WMSDs.
Further studies are required to quantify physical exposure in to a level, frequency and 
duration as the effects of physical exposure may be under-represented at present.
Prospective studies in different occupational settings need to further address the 
relationships shown in figure 46 over time.
The biological mechanisms and exposure pathways by which physical and psychosocial 
factors interact need further exploration. This may help ergonomists and other health 
practitioners to predict the relationships between various work risk factors as current 
epidemiological methods may be inappropriate to deal with the multifactorial 
complexity.
Research is needed into the possible progression of non-specific musculoskeletal 
disorders into chronic or medically diagnosable conditions. Little is understood about 
the latency periods for different WMSDs when exposed to various work risk factors.
Finally, early interventions and prevention strategies should focus upon reducing 
exposure to physical and psychosocial work risk factors and should also attempt to alter 
individual capacities such as beliefs, coping and attitudes. Figure 46 can be used as a 
research task model to better understand possible relationships between exposure to 
work risk factors and WMSDs so that such knowledge can be gathered and applied to 
reduce this burden to society and industry.
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CHAPTER 9 
CONCLUSIONS
“Knowing is not enough. We must apply ”
The main aim of this study was to assess whether an interaction between physical and 
psychosocial work factors was associated with an increased risk of low-back disorders 
and other work related musculoskeletal disorders (WMSDs). The subsidiary aims were 
to use appropriate models that explored the nature of interactions and to generate new 
thought, and to test whether the instruments used to assess physical and psychosocial 
exposure could provide sufficient contrast between low and high exposure groups.
The combination of high physical and high psychosocial exposure increased the 
magnitude of risk greater than the sum of risks for both exposures acting relatively 
independently indicating an interaction effect for the low back and the wrist/hands. A 
tentative interaction effect was shown for the shoulder region and an interaction effect 
was not observed for the neck region.
A research model was proposed that advances existing models by showing the 
interrelationships between organisation, psychosocial and physical work factors and 
how the exposures interact to increase the dose that may reduce individual capacity to 
the extent that work related musculoskeletal disorders can develop.
Physical and psychosocial exposure assessed by self-report questionnaires can provide 
sufficient contrast between low and high exposure groups. Large differences in 
exposure between groups are required to minimise misclassification error. More 
quantified exposure classifications are not advised using self-report methods to assess 
exposure.
This study was the first of its kind to study potential interaction effects between 
physical and psychosocial work risk factors and WMSDs. These findings have 
important implications for future research investigating aetiology and the application of 
ergonomics to prevent or reduce exposure to work risk factors that may lead to the 
development of WMSDs.
257
Previous research has provided evidence of work risk factors implicated in the causation 
of WMSDs. It is now time to turn away from solely investigating independent 
relationships and explore interactions between physical and psychosocial work factors 
in greater detail.
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PEN & PAPER BASED OBSERVATION METHOD
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APPENDIX C 
GENERIC RISK ASSESSMENT
GS 130 MANUAL HANDLING OPERATIONS
BRANCH: OCCUPATION:
REF No (MH)
MANUAL HANDLING ASSESSMENT CHECKLIST
(for guidance on completing this form refer to Safety Standard GS 111 Procedure P 111-2)
Note: This checklist will remind you of the main points to think about whHe you:
•consider the risk of Injury from manual handling operations 
•identify steps that can remove or reduce the risk 
•decide your priorities for action
•ensure that the individual involved is capable of carrying out the manual handing 
operation
SUMMARY OF ASSESSMENT
Tasks/operations covered by this assessment:  ....................    —    . — —
Locations: — -------—--------------  ■ — .....  .........
Personnel involved: . . . .—  , -   —
Date of assessm ent:.---------------------------------------------------------------------------------------  ■
’circle as appropriate
Section A -  Preliminary:
Q1 Do th« operations Involve a significant risk of injury?
tf ’Yes' go to 02 . If'No* the assessment need go no further.
If in doubt answer 'Yes'
02 Can the operations be avoided/mechanised/automated at reasonable cost?
If *No'go to Section B on reverse. If 'Yes' proceed to Section D, Implement actions and 
then check that the result is satisfactory.
Section C -  Overall assessm ent of risk:
What is your overall assessment of the risk of Injury? 1 / 2 / 3 / 4 / s *
Section D -  Individual capability:
0 3  D o es  th e  jo b  re q u ire  sp e c ia l p h ysical capab ility?  Yes/No*
Detail: . . . . . .  ■ . . .  .......—,  .—
04  D o es th e  jo b  call fo r sp e c ia l in form ation /tra in ing? Yes /  No*
Detail:------------------------------------------------------------ >-----------------------------------------
L ist o f “c a p a b le  p e r s o n s ” a tta c h e d  (required if *yes* to 03/04) Yes /  N/A
Note: Those with health problems which could affect their manual handling 
capability, or who are pregnant, must be identified and considered individually
Section E -  Remedial action:
What remedial step s should be taken, in order of priority?
i _______________________________________________________
ii
iii
iv
(record additional actions on separate sheet if necessary)
(NAME -  BLOCK CAPITALS) (SIGNATURE) (DATE)
ASSESSOR:
APPROVED BY:
Form F 4141A Rev 0
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Yes/No* 
Yes/No*
MANUAL HANDLING OPERATIONS GS 130
MANUAL HANDLING ASSESSMENT CHECKLIST -  SECTION B DETAILED ASSESSMENT
Hazard Factors:
(Tick as appropriate)
Notes: Level of risk:
(Circle as appropriate)
THE TASK -  do they involve:
> holding loads away from trunk?
• twisting?
> stooping?
■ reaching upwards?
> large vertical movement?
> long carrying distances?
• strenuous pushing or pulling?
• unpredictable movement of loads?
■ repetitive handling?
• insufficient rest or recovery?
• a workrate imposed by a process?
I* kg
The guideline figures should be adjusted as follows 
when the task involves:
twisting thro’ 45* : -10%
twisting thro' 90*: -20%
moving load 1/2 times per min: -30%
moving load 5-8 times per min: -50%
moving load more than 12 times per min: -80%
2 persons lifting: +33%
3 persons lifting: +50% 
handling by women: -30%
Actual load:
Actual load hazard rating:
Adjusted guideline load:
Actual load vs adjusted guideline 
load:
Effective load hazard rating: L /  M /  H
 kg
L / M/ H  
 kg
. %
o
§1
LOW MED HIGH
1 1 
3
i I 
4
L
5 HIGH
2 3 4 MED
1 2 3 LOW
EFFECTIVE LOAD HAZARD RATING
THE SHAPE OF LOADS ETC -  
are they.
• bulky/unwieldy?
• difficult to grasp?
• unstable/unpredictable?
• intrinsically harmful (eg sharp/hot?)
Shape hazard rating: L / M/ H
z
m C5
s ii<(OCC
LOW
3
MED
4
HIGH
S HIGH►
4 MED►
3 LOW
EFFECTIVE LOAD HAZARD RATING
THE WORKING ENVIRONMENT-
are there:
• constraints on posture?
• poor floors?
• variations m levels?
• hot/cold/humid conditions?
• strong air movements?
• poor lighting conditions?
Environment hazard rating: L / M/ H
Working conditions hazard rating: L / M/ H
s i2?
oc5 
z  <UJX
LOW
3
MED
4
HIGH
5 HIGH
MED
LOW
WORKING CONDITIONS HAZARD 
RATING
OTHER FACTORS-
• Is movement or posture hindered by clothing 
or personal protective equipment?
• any other relevant factors
Other factors hazard rating: L / M/ H LOW
3
MED
4
HIGH
5 HIGH
4 MED
3 LOW
When you have completed Section B go to 
Section C.
EFFECTIVE LOAD HAZARD RATING
Additional notes:
Form F 4141B  Rev 0
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APPENDIX D 
OSHA SIGNAL RISK FACTOR CHECKLIST
318
P
h.
D
 
S
IG
N
A
L
 
R
IS
K
 
F
A
C
T
O
R
 
C
H
E
C
K
L
IS
T
c  oo.z .s
•p C 2 JD
S > g E
*i O ~  *JZ
£  B £ U
to F
•S £
- J
60 « 
.£  **
<x.= 
o  o
8. _ o. c
*  S
eb X ~
,£  M 4)*eoo oR E 
•* -  O 5  
g  £
4> 4>
C 60
-£ a.._
* " * * 
5P E eo to
.c — j-
71 60 _0 to c u
< H  “c «
« 6  «
cq a : ■£
.5 o »; 
•g M O1 t> °•> ■£ -a o U o
2 § c *  C g  M JC
■«
•  J l
«•/ to 
© .£  £  
I ^ « W
°  60 *
60 C
•o 2
' 5 - -
_r- O s•£ £  ti r
?  •*
* < § • £
i
60
S  M .£ « t; c 
3  5  *> •2 g , a .
•g)*2 2
•p e  °  X ,s o« •** 73
° I  c « 6 -5 E *
s . ^ - §  
1  s i
E J  3 ^ to ° c c to
x  *5 .£  .22 c ^ 
* 0  'C 3
a .  O  a
— t
* s
I  <2
E- o
I s s60 to  *-
c  c  00 
*> *S c
i  S >o O- c
a: O  §
E  .£  oS •©
*  o , cOu x
•c o  ^
c  C -_o o *
60 60 
c  c  
-o *o
J
e?o
>N C m 0  m
E E s
2  c  
« S E
o .s > "  
e t c
* £  *> «> 2* 
£  S  "
•a .u
E--§ 2 >
S c
S' "  
2  >
•s E
■5 o -  „ 
eo"° 5 s"(I OJ<
■p — 00E •_ .S o  £ c 1 £
M 'H
s/ a
*5 »» J= -
• c “  c? 
a o  E g  « c £ c 
E J2. *“  «  0 >- > o •» « o 
S S > E
H -  J  3  S-!2oo8-5=0-5
C *? '«J C T3O- £ V _
•S'tn |  |  
x i 5  « c
a  to  2 .D. C
§ 3  i =5 .£
^ «c i7 -E
•o -S
* r
-X e
J |
- o  •—« o
l-S
—  - c
C
x> -c £^ o •*
f  2 .S
<  * .5 *0 .2 ‘S
> o
C ~— -O— c«J «3
■£ -c
** p 
•8.2
J.f > %* a b «
O M  “  >
c  IE 2  o  
• 2 ^ ?  
«• 60 m  *p
l l - S  8.
-S .E " 2  J  -
S •* E g 1-* £ S
c  *2 -= J :  o 2  E
c
3
a
: j§
E j= »° S1 
c  o  .1
l  !  
5 e f
O .. £
c . ** E
« 2 .= 
c  2  c  “  .£ 
a  •> a  vt SJ3 o jC rM 5
£•02 s a
O w -C
E c.
S  E
E
c
Hi
E g  J c  
o  -  g > £  
to 2| m  oc ° 3  OS £
a£ a
Z E
E E-o 
o —
c  "£ o  e  •— o  
o  £
E 2
i i«
n t* 
£  > d v 
° EO Vo s c  «
C c o wo .2 2 Z. 
u  ‘J  3  «  J0  2  o  ■£ E01 E js 2 x>
> 3 -«r< o .
O o  o
■S I - 
2  -8 £ — — J3 ^ O O
Z "c 5 ^o « o
■2 -  - S
a ■ C CL «S 2£ •£ o :  o e 
° 5 oX 2 5 -Siz o ° c “> E -fc* °
•2 e ^ E 2 *2 =C £ 3 to =? g g .Cl o 3 •-s a - S a
«- F o "o a.s 5
s "E c j;JE o o xZ-> Cl u w 3 u o ts
«2 £ 
eo « 
.E Cn  a3 •£
319
APPENDIX E 
NIOSH RISK FACTOR CHECKLIST
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APPENDIX F 
SURVEY QUESTIONNAIRE
A SURVEY OF WORK, ACHES AND PAIN 
in agreement with BOC Gases
&
The University of Surrey
THIS IS A CONFIDENTIAL & ANONYMOUS SURVEY 
BOC MANAGEMENT DO NOT HAVE ACCESS TO THE DATA
Aims:
«■ This questionnaire is part of a nationwide survey to investigate the long term effects 
of work, body aches and pain within BOC Gases. Jobs involving manual handling, 
administration, and driving Mil all be included in the survey.
The results will provide the basis for a strategy to reduce the potential risks of back 
pain and other musculoskeletal disorders throughout the industry.
«*■ The questionnaire should take about 10-15 minutes to complete.
Instructions:
■** The information in the questionnaires will be seen only by the researchers at the
Robens Institute and will be treated in the strictest confidence.
*** It is vital that you complete the questionnaire whether you have aches and pains or 
not.
«*■ Please read the instructions at the beginning of each section as each section is in a 
different format.
Please complete the questionnaire within 1 week if possible.
«*■ Please return it in the pre-paid envelope provided.
«■ The main findings of the study will be reported as soon as possible to all those
participating in the survey.
«■ Please address any queries to the Robens Researchers.
Please Remember:
•** Every completed questionnaire improves the research findings and thereby 
increases potential benefits to BOC Staff.
All information is anonymous and confidential.
Thank-you for your co-operation
Researchers:
Mr. Jason Devereux and Dr. Peter Buckle 
(01483 259213)
R O B E
Institute
Robens Institute 
University of Surrey Institute
Guildford GU2 5XH
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Personal Information
Please answer all the questions 
Please tick the box that applies to you
Age 16■20 yrs 31-35 yrs J~
21-25 yrs f
J  46-50 yrs f
|j| 36-40 yrs [ 51-55 yrs
26-30 yrs (~ 41-45 yrs|~ ] | 56-60 yrs f
Sex Male P
Please write your answers in the boxes
What is your current job title ?
What is the location of your work site ? 
(For example: Wembley, Bristol, Crawley)
What are the main tasks in your job ? 
For example'.Cylinder deliveries 
Driving
Cylinder Sorting 
Cylinder testing 
Cylinder painting 
Computer work 
Desk work 
Cylinderfilling 
Vehicle inspections 
General manual handling
How long have you worked in this job ?
How long have you been doing similar work ? 
Please tick the box that applies to you 
Do you work a night shift ?
Do you change shifts ?
Female P
r
Work History
Time
Please write average time (hours) 
per day spent on these tasks
J  Yes ^ J No
No
L _ J _ J | Years Months
Years Months
Office Use
Only
(1)
(2)
(3-4) □  □
(5-7) □ □ □
(8-10)
(11-13)
(14-16)
(17-19)
(20-22)
(23-25)
□ □□ □ □□ □ □□ □ □□ □ □□ □ □□
( » * > □ □ □ □  
(30 -33)0  □ □  □
(34)
(35)
WORK A C nvm E S SECTION
PLEASE ANSWER THIS SECTION AT THE END OF YOUR
WORKING DAY
' This section covers work activities that you performed during your current working day. 
Do not indude lunch time in your responses.
THIS IS AN EXAMPLE OF HOWTO COMPLETE THE QUESTIONS
Place a tick in the box that represents the amount of time you spend performing different 
activities during your current working day.
For example, you spend half the time of your working day with your trunk bent forward 
between 20-60 degrees. You should respond by placing a tick in the box marked *half 
the time” as shown bdow.
How much of your working
day do you spend: Not About 1/10 About 1/4 Half the About 3/4 Almost all
at all o f the o f  the time of the the time
time time time
Trunk bent forward 
20-60 degrees ? id*
4 5
iJ
It is important that you attempt to answer ail the questions in this questionnaire
R 0  b I n S
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How much of your working 
day did you spend:
Not 
at all
Trunk bent forward 
20-60 degrees ?
%
About 1/10 About 1/4 Half the About 3/4 Almost all
of the of the time of the the time
time time time
2 3 4 5 6
Trunk bent forward 
greater than 60 degrees?
%
Trunk rotation 
of 45 degrees ?
Sitting ?
When sitting are you exposed to vibration ? 
(eg. driving forklifis, cars or trucks)
When sitting are you working at a keyboard ?
When sitting do you experience both vibration 
and perform keyboard work at different times ?
Yes
Yes
Yes
r a t  m
Kneeling or squatting ?
No
No
No
Office Use 
Only
a )
(2)
(3)
(4)
(5)
(6)
(7)
(8)
▲
R O B E N S
Im titu te
326
How much of your working 
day did you spend: Not
at all
Carrying, pushing 
or pulling using force 
corresponding to 6-15 Kg (13-33 Lbs)
About 1/10 About 1/4 Half the About 3/4 Almost all
of the 
time 
2
of the 
time 
3
time
4
of the 
time 
5
the time 
6
Carrying, pushing 
or pulling using force 
corresponding to 16-45 Kg (35-99 Lbs) ?
Carrying, pushing 
or pulling using force 
corresponding to greater than 45 Kg (99 Lbs) ?
Not at all Less than 
once per 
hour
1-10 times 
per hour
11-30 times More than 30 
per hour times per 
hour
Lifting weight 1 2 3 4 5 (12)between 6-15 Kg? L — J L_______ i i________i
Lifting weight 1 2 3 4 5
(13)between 16-45 Kg ? i________i i________i 1________\ U _____ i
Lifting weight 1 2 3 4 5
greater than 45 Kg ? L _ 1 i________ i i________ i L_______ i i________i (14)
Ratchetting pallets ? 1 2 3 4 5
(J ratchet operation is 
tightening or unstrapping 
1 cylinder pallet)
L_______ i l________ i ‘_______ I i________i L . _____ I (15)
What is the average number of hours you work a day ? I. 1 ) Hrs (16-17)
Office Use
Only
(9)
(10)
(11)
A ,
S'-'''- 4b,
R o lT e n  s
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MUSCULOSKELETAL SYMPTOMS 
IN THE NECK, BACK, SHOULDERS AND EXTREMITIES
Please read these instructions carefully.
This section concerns possible symptoms cf your neck, back, shoulders and extremities 
during the past 7 days and the past 12 months; and also the location cf these symptoms: 
Left or right
Left as well as right or in the middle
Please begin this section by looking at the drawing and the example cf how to complete 
this section overleaf.
It is important that you attempt to answer all the questions in this questionnaire
R O B E N S
Institu te
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NECK
SHOULDERS 
BACK (UPPER) 
ELBOWS 
BACK (tOW ER) 
WRIST S/HANOS
HIPS/TMGKS
KNEES
ANKLES/FEET
An example how to answer the questions 
If you have had neck pain on the right and left 
sides of your neck in the last 7 days, tick the yes 
right + left box as shown.
YES
YES. YES. right* left
NO right left or middle
neck □  l C h □  3 0 4
Have you had trouble (ache, pain, discomfort) during the past 7 davs in the:
YES Office Use
YES. YES. right+left Only
NO right left or middle
neck □  . □ 2 □  3 D a a )
upper back □  . □  2 □  3 D a (2)
lower back □  i □ 2 □  3 D a (3)
shoulders □  . □  2 □  3 □  4 (4)
elbows □  i □ 2 □  3 □  4 (5)
wrists/hands □  . □ 2 □  3 □  4 (6)
hips/thighs □  i □ 2 □  3 D a (7)
knees □  . □  2 □  3 □  4 (8)
anklcs/fcct □  . □ 2 □  3 □  4 (9)
R O B E N S
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Have you had trouble (ache, pain, discomfort) during the past 12 months in the:
YES. YES.
YES
right+lcft
Office Use 
Only
NO right left or middle
neck C h □  z □  3 (10)
upper back □  i □  z □  3 □ 4 (11)
lower back □  . □  z □  3 □ 4 (12)
shoulders □  i □  z □  3 □ 4 (13)
elbows □  i □  z □  3 □ 4 (14)
wrists/hands □  i □  z □  3 □ 4 (15)
hipsAhighs □  i □  z □  3 □4 (16)
knees □  . □  z □  3 □ 4 (17)
ankles/fcct □  . □  z □  3 □ 4 (18)
1 lave you had back problems more than 3 times
1
Y c s Q No | [if no, turn over page (19)
or lasting more than 1 week in the previous year ?
1
□
A
How long was each episode of back pain ? Less than 1 hour 1 week to 1 month | 1 (20)
2 5
1 hour to 1 day □ 1 to 6 months □
3 6
1 day to 1 week □ More than 6 months | j
How often have you had separate episodes Constant
1
□ Once a month
4
□ (21)
of this back problem in the last year ? 2 5
Daily □ every 2-3 months J__|
3 6
Once a week □ more than 6 months [ |
According to the scale 1-5 at the right No discomfort
1
□ severe
4
□ (22)
how would you rate this problem 2 5
right now ? Mild
moderate
□
3
□
unbearable □
Were your back pain symptoms already present
1
Y e s Q
2
n„ d (23)
when you first started your present job ?
M /A
j t i l k
R O B E N S
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WORK ORGANIZATION SECTION
Please read these instructions carefully.
This section asks you questions about the way you feel your work is organised.
THIS IS AN EXAMPLE OF HOW TO COMPLETE THE QUESTIONS
The following example is a question asking yow about one aspect of mental workload 
that you encounter in your job. If you "strongly disagree" then write the number for your 
answer in the box on the right as shown.
My job requires a great deal of concentration.
til 121 PI M till
Strongly Slightly Slightly Strongly
Agree Agree Disagree Disagree
It is important that you attempt to answer all the questions in this questionnaire
R 0  B E N  S
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MENTAL DEMANDS
Please indicate the degree to which you agree or disagree with the following 
statements about your job.
My job requires a great deal of concentration.
til
Strongly
Agree
PI
Slightly
Agree
PI
Slightly
Disagree
[4]
Strongly
Disagree
My job requires me to remember many different things.
til
Strongly
Agree
[2]
Slightly
Agree
PI
Slightly
Disagree
[41
Strongly
Disagree
I must keep my mind on my work at all times.
Ill
Strongly
Agree
[2]
Slightly
Agree
PI
Slightly
Disagree
I can take it easy and still get my work done.
(U
Strongly
Agree
[2]
Slightly
Agree
[3]
Slightly
Disagree
[4]
Strongly
Disagree
[4]
Strongly
Disagree
I can let my mind wander and still do the work.
[1]
Strongly
Agree
[2]
Slightly
Agree
(31
Slightly
Disagree
(4)
Strongly
Disagree
1 I
I I
I I
i I
Office Use 
Only
a )
(2)
(3)
(4)
(5)
r qT e n S
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WORKLOAD AND RESPONSIBILITY
The next few items are concerned with various aspects of your work activities. Please indicate 
how much of each aspect you have on your job by writing a number in the box provided.
How much slowdown in the work load do you experience?
Ill
Hardly Any
12]
A little
PI
Soot
14]
A Lot
How much time do you have to think and contemplate?
Ul
Hardly Any
12]
A Uttle
13]
Some
How much work load do you have?
HI
Hardly Any
12]
A little
13]
Some
141
A Lot
14]
A Lot
What quantity of work do others expea you to do?
til
Hardly Any
12]
A little
13]
Some
14]
A Lot
How much time do you have to do all your work?
Ill
Hardly Any
12]
A little
13]
Some
14]
A Lot
How many projects, assignments, or tasks do you have?
Ill
Hardly Any
12]
A little
13]
Some
14]
A Lot
15]
A Great Deal
15]
A Great Deal
15]
A Great Deal
15]
A Great Deal
15]
A Great Deal
15]
A Great Deal
How many lulls between heavy work load periods do you have?
HI
Hardly Any
12]
A little
13]
Some
14]
A Lot
15]
A Great Deal
How much responsibility do you have for the future of others?
Ill
Hardly Any
12]
A little
13]
Some
14]
A Lot
15]
A Great Deal
How much responsibility do you have for the job security of others?
HI
Hardly Any
12]
A little
13]
Some
[4]
A Lot
15]
A Great Deal
How much responsibility do you have for the morale of others?
HI
Hardly Any
12]
A little
13]
Some
14]
A Lot
15]
A Great Deal
How much responsibility do you have for the welfare and lives of others?
Ill
Hardly Any
12]
A Uttle
13]
Some
14]
A Lot
15]
A Great Deal
I I
I I
I I
I I
I I
1 I
I_I
I I
I I
LJ
I I
Office Use 
Only
(6)
(7)
(8)
(9)
(10)
(« )
(12)
(13)
(14)
(15)
(16)
J S s
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WORK HAZARDS
Please answer each of the following questions as they apply to you.
Does your job primarily involve providing direct service to specific U:
groups of people or client populations? y
U1 P3 U  (17)
Yes No
How often does your job expose you to verbal abuse and/or confrontations 
with clients or the general public?
HI 12] 13] [4] [5] L I  ( 18)
Never Occasionally Sometimes Fairly Often Very Often
How often does your job expose you to the threat of physical harm or 
injury?
U3 12] 13] (4] 15] ! _ J  (19)
Never Occasionally Sometimes Fairly Often Very Often
How often have you been physically assaulted within the past 12 
months while performing your job?
[i] 12] 13] [4] [5] l_ J  (20)
Never Occasionally Sometimes Fairly Often Very Often
How often docs your job personally'subject you to potential legal liability?
W M 13] [4] [£] L I  (21)
Never Occasionally Sometimes Fairly Often Very Often
H 0  B E  N S
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CONTROL SCALE
This series of questions asks how much influence you now have in each of several areas. By 
influence we mean the degree to which you control what is done by others at work and have 
freedom to determine what you do yourself at work.
How much influence do you have over the variety of tasks you perform?
HI
Very
Little
(21
Little
(31
A Moderate 
Amount
(<1
Much
C 5] 
Very 
Much
i I
Office Use 
Only
(22)
How much influence do you have over the availability of supplies and 
equipment you need to do your work?
HI
Very
Little
(2]
Little
(3]
A Moderate 
Amount
Ml
Much
(51
Very
Much
(23)
How much influence do you have over the order in which you perform 
tasks at work?
(U
Very
LitUe
(2 )
Little
(31
A Moderate 
Amount
14]
Much
(53
Very
Much
(24)
How much influence do you have over the amount of work you do?
HI
Very
LitUe
(21
LitUe
13]
A Moderate 
Amount
(4]
Much
(5]
Very
Much
I 1 (25)
How much influence do you have over the pace of your work, that is 
how fast or slow you work?
(11
Very
Little
(2]
LiUlc
(3]
A Moderate 
Amount
(4]
Much
15]
Very
Much
(26)
How much influence do you have over the quality of the work that you 
do?
(11
Very
LitUe
(23
LitUe
(33
A Moderate 
Amount
(4]
Much
15]
Very
Much
How much influence do you have over the arrangement and decoration 
of your work area?
(13
Very
Lime
(21
Little
(33
A Moderate 
Amount
(41
Much
(51
Very
Much
I I
( (
(27)
(28)
How much influence do you have over the decisions concerning which individuals 
your work unit do which tasks?
m
(U
Very
Little
(21
LitUe
(31
A Moderate 
Amount
(41
Much
(5]
Very
Much
(29)
m k
R 0  B E N
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CONTROL SCALE continued
This series of questions asks how much influence you now have in each of several areas. By 
influence we mean the degree to which you control what is done by others at work and have 
freedom to determine what you do yourself at work.
How much influence do you have over the hours or schedule that you work?
121
Little
131
A Moderate 
Amount
(41
Much
[51
Very
Much
I I
How much influence do you have over the decisions as to when things will be done 
in your work unit?
(13
Very
Little
[23
Little
[31
A Moderate 
Amount
[43
Much
(51
Very
Much
I I
How much do you influence the policies, procedures, and performance in your work 
unit?
[13 (2]
Little
(31
A Moderate 
Amount
(41
Much
(51
Very
Much
How much influence do you have over the availability of materials you need to do 
your work?
dl
Very
LitUe
(21.
LitUe
(31
A Moderate 
Amount
(41
Much
(5]
Very
Much
I I
How much influence do you have over the training of other workers in your unit?
dl
Very
Little
(21
LitUe
(33
A Moderate 
Amount
(43
Much
(53
Very
Much
How much influence do you have over the arrangement of furniture and other work 
equipment in your unit?
[11
Very
Little
[21
LitUe
[3]
A Moderate 
Amount
(41
Much
(53
Very
Much
I I
To what extent can you do your work ahead and take a short rest break during work 
hours?
dl
Very
Little
(21
LitUe
(31
A Moderate 
Amount
(41
Much
(51
Very
Much
I I
In general, how much influence do you have over work and work-related factors?
I I(11
Very
Little
[2]
LitUe
(31
A Moderate 
Amount
(41
Much
IS]
Very
Much
Office Use 
Only 
(30)
(31)
(32)
(33)
(34)
(35)
(36)
(37)
R O B E N S
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SOCIAL SUPPORT
How much do each of these people go out of their way to do things to make your v/ork life 
easier for you ?
Your immediate supervisor (boss)
dl [2] [3] M [5] LJ
Very Some* A Not Don't have
Much What Little At All Any Such Person
Other people at work
U] [2] PI PI 15] U
Very Some- A Not Don't have
Much What Little At All Any Such Person
Your spouse, friends and relatives
[1] 12] PI (4] [5] u
Very Some- A Not Don't have
Much What . Little At All Any Such Person
Office LJ 
Only
(38)
(39)
(40)
How easy is it to talk with each of the following people?
Your immediate supervisor (boss)
(I] [2] PJ 14] 15] U
Very Some­ A Not Don't have
Much w hat Little At All Any Such Person
Other people at work
m 12] PI 14] 15] LJ
Very Some­ A Not Don't have
Much what Uttle At All Any Such Person
Your spouse, friends and relatives '
[i] [2] PJ 14] 15] u
Very Some­ A Not Don't have
Much w hat Little At All Any Such Person
(41)
(42)
(43)
M a  
R o T e N  5
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SOCIAL SUPPORT continued
How much can each of these people be relied on when things get tough at work?
Your immediate supervisor (boss)
Cl)
Very
Much
(2]
Some*
What
Other people at work
m
Very
Much
[2]
Some*
What
PI
A
Little
PJ
A
Little
Your spouse, friends and relatives
[l]
Very
Much
12]
Some­
what
P]
A
Little
(4] (5]
Not Don't have
At All Any Such Person
14] 15]
Not Don't have
At All Any Such Person
14] 15]
Not Don't have
At AH Any Such Person
Your immediate supervisor (boss)
I I
I I
How much is each of the following willing to listen to your personal problems?
11] 12] (31 (4] (5] LJ (47)
Very Some- A Not Don't have
Much What Little At All Any Such Person
Other people at work
(13 (2] (3] (4] IS] U (48)
Very Some- A Not Don’t have
Much What LitUe At All Any Such Person
Your spouse, friends and relatives
11] (23 P3 (4]
<
(5] L J (49)
Very Some- A Not Don't have
Much What Little At All Any Such Person
Office U 
Only
(44)
(45)
(46)
THANK-YOU FOR COMPLETING THE QUESTIONNAIRE
«*• Please spend a couple of minutes ensuring that you answered all the questions.
•a* Return the questionnaire in the freepost envelope to the Robens Institute 
researchers as soon as possible.
«* If you could be prepared to complete a follow-up questionnaire, please give your 
employee identification number. The follow-up study will show whether the 
changes in your work have reduced your aches and pains.
«*■ This will be confidential and will not be disclosed to BOC or other organisations.
Employee payroll number
A.
R OB  E N <
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C o nf id e n t ia l i ty
All the  inform ation  will be held in the  stric test 
confidence a t the  R obens In s titu te  R epons  to 
BOC will be in a  form at th a t will not identify 
indiv iduals a n d  will not provide facts th a t could 
lead to the  identification  of indiv iduals 
C onfidentiality  of com pany  d a ta  regarding  
W'orkloads a n d  driving tim es will be reported  in 
su ch  a form at th a t will p revent d isclo su re  of any 
sensitive  inform ation  eg. % to ta l driving time
The BOC project is approved  by the  University 
of S urrey  E th ics C om m itce to safeguard  em ployees 
an d  e n su re  anonym ity .
EBfflffll
The BOC project is funded  by BOC Sureflow  an d  the  
re su lts  will hie u sed  to red u ce  th e  risk s  of m anual 
h and ling  th ro u g h o u t the  BOC b u s in ess . Em ployees 
a rc  strongly  encou raged  to p a rtic ip a te  and  provide as  
m uch  usefu l inform ation  as  possib le  so th a t the  m ost 
benefits can  be gained  in the  long term . Collaboration 
is e ssen tia l to the  su cc e ss  of th e  project.
The R obens In s titu te  R esearch e rs
Mr. J a s o n  D evereux Dr. P eter Buckle
For an y  o th er  in form ation  regarding  
th e  project co n ta ct:
J a s o n  D evereux
E rgonom ics R esearch  U nit
R obens In s titu te
U niversity  of S u rrey
G uildford
S urrey
G U 25X H
Tel: 0 1 483  259213
The collaboration o f all participants 
is essential to the success o f the project
340
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APPENDIX G 
SURVEY FLYER
M ission and  O bjectives o f the  Robens In stitu te
T h e  Robens In stitu te  has a m ission to  advance  h um an  
and  env ironm enta l h ea lth  and  w ell-being th ro u g h  th e  
provision o f  qua lity  Independent scientific research , 
investigation, advice, a n d  tra in in g  w orldw ide.
Recent leg isla tion  and  regu la tions have m ad e  em ployers 
m ore aw are  of th e  responsib ilities they  h ave  fo r  th e  h ea lth  
and  safety o f  th e  w orkforce. T h e  know ledge and  expertise 
obtained  from  fu n d am en ta l and  applied  research  p rov ide  a 
solid foundation  fo r  o ffering  advice an d  p rac tica l so lutions to 
p roblem s related to  h ea lth  and  safety.
H i s t o r v  o f  t h e  R o b e n s / l i O C  P r o j e c t
T he  Robens In stitu te  has fo r a long  w hile been involved w ith  
investigating  the  m an u a l h and ling  o f gas cy linders in  BO C. T h e  
physical effort req u ired  lo r  m an u al h an d lin g  gas cy linders and 
th e  usability  o f  h an d lin g  a ids a re  some o f  th e  investigations 
conducted  w ith in  BOC.
O b je c t iv e *  o f  t h e  p r o j e c t
As p a rt o f  a progressive p lan  to  reduce  th e  r isk  o f  w o rk  rela ted  aches 
and  pains, BO C have com m issioned th e  Robens In stitu te  to:
1. E valuate  aches and  pains w ith in  B O C
2. Identify  th e  w o rk  activities th a t  Increase th e  r isk  o f  
aches an d  pains.
The in fo rm ation  w ill p rov ide BO C w ith  the know ledge req u ired  to 
reduce any w o rk  re la ted  aches and  pains.
P h a s e s  o f  t h e  P r o j e c t  
The pro ject has 3 phases:
P h a s e  I  - C o m p le t e d
Em ployees w ere observed  w hile  p erfo rm in g  th e ir  w o rk  
activities and  some Individ unis w ere in terv iew ed briefly  
ab o u t the o rg an iza tio n  o f  th e ir  w o rk . Video and  
p h o tographs w ere also tak en  d u rin g  th is  phase.
P h a s e  I I  - P r e s e n t
A questionnaire  will be sent to em ployees across th e  co u n try  
w ho will be requested  to  an sw er questions on  w o rk  activ ites 
(bending, tw isting, w eight c a rry in g  etc), w o rk  o rg an isa tio n , and 
sym ptom s o f  p a in  and  d iscom fort. In te rv iew s w ill be held  w ith  
some responden ts to discuss the  q uestionna ire .
P h a n e  H I - F u t u r e
A sm all group of em ployees w ill be req u ired  fo r a d etailed  w o rk  
activity  investigation. In stru m en ta tio n  w ill m easure  bend ing  and  
tw isting o f  the  body. T h e  in stru m en tatio n  w ill n o t uflect th e  
perfo rm ance o f w o rk  and  is safe a n d  reliable.
W o rk  a c t i v i t i e s  a n d  m e t h o d s  o f  d a t a  c o l l e c t i o n
The pro ject involves jo b s  requ iring  m an u a l han d lin g , d riv ing , 
and  com puter/office w ork .
T he  con trib u tio n  from  BO C em ployees w ill be very im p o rta n t fo r th e  
success o f  th e  p ro jec t in  term s o f  th e  d a ta  to  be  collected using: 
Q uestionnaires an d  in terv iew s
Video, pho to g rap h y  and observa tions o f th e  w o rk  activities; 
D ocum entation  on  cy linder deliveries an d  driv ing  tim es; 
In stru m en tatio n  fo r m easu rin g  bend ing  and  tw isting  angles.
I n f o r m e d  C o n s e n t
All pa rtic ip an ts  in  phase I & in o f  th e  p ro jec t m ust provide 
th e ir  in form ed consent and  any  p a rt ic ip a n t  reserves th e  r ig h t to 
refuse p a rtic ip a tio n  a t  any phase.
P ro ject Tim e Scale
P artic ipan ts will be given 15-20 m inutes ofTw ork  to com plete a 
questionnaire  in A ugust 1996. Facilities w ill be p rovided  so 
th a t the  q iicstionnairc  cun be com pleted in  privacy.
Awareness o f (he pro jec t objectives is im p o rtan t lo ensure  th a t an  
in itiative u n d ertak en  by BO C to  reduce  any  risks is tack ling  the m ajo r 
issues an d  will hopefu lly  lead to  b e tte r  p revention  o f  w o rk  re la ted  
aches an d  pains.
R O B E N S
Institute
C o n n d c n lin li lY
All th e  in fo rm atio n  w ill be held in th e  s tric tes t 
confidence a t th e  Robens Institu te . R eports  to 
BO C w ill be in  a form at th a t  w ill n o t identify  
ind iv idua ls and  will no t provide facts  th a t  could 
lead to  th e  iden tification  o f individuals.
C onfidentiality  o f  com pany d a ta  regard ing  
w ork lo ad s  an d  d riv ing  tim es w ill be rep o rted  in 
such  a  fo rm at th a t  w ill p reven t d isclosure o f  any  
sensitive in fo rm ation  eg. %  to ta l d riv in g  time.
T he  BO C project is approved  by the  University  
o f  S urrey  E th ics Com mittee' to  sa feguard  em ployees 
an d  en su re  anonym ity.
T he  pro jec t is funded by B O C  and the resu lts  w ill be 
used to  benefit employees th ro u g h o u t the BO C business. 
Em ployees a re  strongly encouraged to p a rtic ip a te  and  
p rovide as m uch useful in fo rm atio n  as possible so th a t 
th e  must benefits can be gained in th e  long term . 
C o llab o ra tio n  is essential to  th e  success o f  th e  pro ject.
T he Robens Institu te  R esearchers
Mr. Ja so n  Devereux Dr. P e te r  Buckle
1
F o r  a n y  o t h e r  I n f o r m a t io n  r e g a r d in g  
t h e  p r o j e c t  c o n t a c t :
Jason  Devereux
E rgonom ics R esearch  Unit
R obens In stitu te
U niversity  o f  Surrey
G uildford
Surrev
GU2 5XH
Tel: 01483 259213
The collaboration of all participants 
is essential to the su ccess  of the  project
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APPENDIX H 
RESULTS
Table HI The number of responses for each questionnaire item, the number of 
missing values, the percentage missing values of the total number of valid 
responses (N=869) and the variable codes from the questionnaire for variable
identification. Green variables are exposure criteria.
VARIABLE N NO.
MISS
MISS
%
CODES VARIABLE N NO.
MISS
MISS
%
AGE 856 13 1.5 1 1 CONCENTR 869 0 0.0
SEX 821 48 5.5 2 2 REMEMBER 869 0 0.0
JOB 853 16 1.8 3-4 3 MIND 869 0 0.0
SITE 869 0 0.0 5-7 4 WORKDONE 869 0 0.0
WORK YE 1 850 19 2.2 26-27 5 WANDER 869 0 0.0
WORKYE2 850 19 2.2 28-29 6 SLOWDOWN 856 13 1.5
WORKSIM1 757 112 12.9 30-31 7 THINK 867 2 0.2
WORKSIM2 757 112 12.9 32-33 8 WORKLOAD 866 3 0.3
NIGHTSHI 828 41 4.7 34 9 QUANTITY 866 3 0.3
SHIFTCHA 842 27 3.1 35 10 MUCHTIME 857 12 1.4
P20 60 859 10 1.2 1 11 PROJECTS 867 2 0.2
P60 856 13 1.5 2 12 LULLS 863 6 0.7
ROT45 852 17 2.0 3 13 FUTURE 866 3 0.3
SQUAT 846 23 2.6 4 14 SECURITY 867 2 0.2
SITTING 842 27 3.1 5 15 MORALE 865 4 0.5
VIBRAT 866 3 0.3 6 16 WELFARE 868 1 0.1
KEYBOARD 864 5 0.6 7 17 SERVICE 867 2 0.2
VIBKEY 864 5 0.6 8 18 ABUSE 865 4 0.5
MH6 15KG 846 23 2.6 9 19 HARM 866 3 0.3
MH16 45K 847 22 2.5 10 20 ASSAULT 866 3 0.3
MH45KG 846 23 2.6 11 21 . LEGAL 862 7 0.8
LW6 15KG 836 33 3.8 12 22 VARIETY 863 6 0.7
LW16 45K 845 24 2.8 13 23 SUPPLIES 866 3 0.3
LW45KG 836 33 3.8 14 24 ORDER 866 3 0.3
RATCHET 844 25 2.9 15 25 AMOUNT 866 3 0.3
HOURS 869 0 0.0 16-17 26 PACE 866 3 0.3
NECK7 866 3 0.3 1 27 QUALITY 865 4 0.5
UBACK7 856 13 1.5 2 28 DECOR 862 7 0.8
LBACK7 869 0 0.0 3 29 DECISIO 863 6 0.7
SHOUL7 864 5 0.6 4 30 CHOUR 868 1 0.1
ELBOW7 856 13 1.5 5 31 DONE 868 1 0.1
WRIST7 864 5 0.6 6 32 POLICIES 865 4 0.5
HIPS7 860 9 1.0 7 33 MATERIAL 868 1 0.1
KNEE7 863 6 0.7 8 34 TRAIN 865 4 0.5
ANKLE7 863 6 0.7 9 35 EQUIP 865 4 0.5
NECK12 856 13 1.5 10 36 REST 866 3 0.3
UBACK12 839 30 3.5 11 37 INFLUENC 868 1 0.1
LBACK12 862 7 0.8 12 38 BOSS1 866 3 0.3
SHOUL12 857 12 1.4 13 39 PEOPLE 1 867 2 0.2
ELBOW12 849 20 2.3 14 40 SPOUSE 1 862 7 0.8
WRIST12 859 10 1.2 15 41 BOSS2 866 3 0.3
HIP 12 851 18 2.1 16 42 PEOPLE2 866 3 0.3
KNEE12 857 12 1.4 17 43 SPOUSE2 863 6 0.7
ANKLE12 856 13 1.5 18 44 BOSS3 864 5 0.6
BPROBLEM 848 21 2.4 19 45 PEOPLE3 864 5 0.6
BPLENGTH 855 14 1.6 20 46 SPOUSE3 860 9 1.0
BPFREQ 852 17 2.0 21 47 BOSS4 863 6 0.7
BPDISC 855 14 1.6 22 48 PEOPLE4 863 6 0.7
BPPRES 858 11 1.3 23 49 SPOUSE4 864 5 0.6
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Table H2 Modifications to the data from the consistency data checks.
Job Expectations Modifications
Cylinder
fillers
Very little sitting (sitting using 
FLT*)
Vibration when sitting using FLT 
Males
Changed 7 responses from 
vibration when seated while 
no sitting, to no sitting and no 
vibration
Tanker
Drivers
Do not use a keyboard 
Sit for most of the time 
Experience vibration while sitting 
Do very little manual handling 
Males
All associations were 
consistent
No modifications necessary
Test Shop 
Operators
Spend very little time sitting 
Most will not use keyboard 
Males
All associations were 
consistent
No modifications necessary
Sureflow
Drivers
Spend Va -3A  time sitting 
Experience vibration while sitting 
Use ratchets 
Males
Changed 1 response from 
female to male
Cylinder
Driver
Spend Vi-Va time sitting
Experience vibration while sitting
Perform varying degrees of manual
handling
Use ratchets
Males
Changed 4 responses from not 
experiencing vibration while 
sitting to experiencing 
vibration while sitting
Office
Workers
Sitting for most of the time 
Most will not experience vibration 
while sitting
Most will not manual handle at all 
Most will use a keyboard 
All will not perform ratchet 
operations 
Mixed gender
All associations were 
consistent
No modifications necessary
* FLT: Fork Lift Truck
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Figure HI
Prevalence of WMSDs Expressed as Symptoms in the Last 7-Days
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Figure H2
Prevalence of WMSDs Expressed as Symptoms in the Past 12-Months
w0in
CO
O
60
55
50
45
40
35
30
25
20
15
10
5
0
Right Left
Location
Middle
■  NECK 
I I UPPER BACK 
KM] LOW BACK 
S5S SHOULDERS 
S S I ELBOWS 
^  WRISTS 
0m  HIPS/THIGHS 
SSS KNEES 
M  ANKLES
346
Figure H3 & H4
7 day prevalence of combined
ShouldersNeck 10.2%
8.3% 7%
11.5%
4.2% 6.8%
Wrist
11.8%
=834
3.5%Back
26%
Hips
1.7%
7%
11.4% 1%
Knees
8.3%
N=834
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Figure H5 & H6
12 month prevalence of combined
Neck Shoulders10.8%
10.3% 5.9%
17.6%
5.7% 5.5%
W rist
11.9%
5.3%Back Hips
31.3% 1.6%
9.1%
14.9% 1.23%
Knees
7.7%
N=814
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Table H3 Raw data for crude odds ratio calculations for the 7-day prevalence of 
low-back disorders.
OUTCOME EXPOSURE
Low - Low Low - High High - Low High - High Row Totals
No 89 69 98 72 328
Yes 58 54 85 113 310
Column Totals 147 123 183 185 638
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Table H4 Unconditional logistic regression model I data.
Parameter
Value Freq Coding
(1) (2)
CACUMEX1
<6 yrs 1 491 .000 .000
6-14.9 yrs 2 140 1.000 .000
>15 yrs 3 131 .000 1.000
HILO
0 583 .000
1 179 1.000
HIHI
0 587 .000
1 175 1.000
CAGE1
<=40 yrs 1 452 .000
>40 yrs 2 310 1.000
CSEX
FEMALE 1 127 .000
MALE 2 635 1.000
LOHI
0 646 .000
1 116 1.000
Interactions:
INT 1 CACUMEX1 (1) by LOHI(1)
int"2 CACUMEX1(2) by LOHI(1)
int"3 CACUMEXl (1) by HILO(1)
int'4 CACUMEX1 (2) by HILO(1)
int'5 CACUMEXl(1) by HIHI(1)
int"6 CACUMEXl (2) by HIHI(1)
Beginning Block Number 1. Method: Enter
Variable(s) Entered on Step Number
1.. LOHI
HILO 
HIHI 
CAGE1
'CSEX catsex
CACUMEX1
CACUMEXl * LOHI
CACUMEXl * HILO
CACUMEXl * HIHI
Table H4 Unconditional logistic regression model I data continued.
Estimation terminated at iteration number 2 because 
Log Likelihood decreased by less than .01 percent.
-2 Log Likelihood 1031.026
Goodness of Fit 762.025
MODEL I
— ------------------------------- Variables in the Equation
Variable B S.E. Wald df Sig R Exp(B)
LOHI(1) -.0418 .2726 .0236 1 .8780 .0000 .9590
HILO(1) -.1468 .2501 .3446 1 .5572 .0000 .8635
HIHI(l) .5549 .2531 4.8055 1 .0284 .0516 1.7418
CAGEl(l) -.2381 .1691 1.9828 1 .1591 .0000 .7881
CSEX(1) -.1320 .2328 .3213 1 .5708 .0000 .8764
CACUMEXl 2.4631 .2918 .0000
CACUMEXl(1) .1539 .3219 .2286 1 .6326 .0000 1.1664
CACUMEXl(2) -.4392 .3281 1.7917 1 .1807 .0000 .6445
CACUMEXl * LOHI .5879 .7453 .0000
CACUMEXl(1) by LOHI(l) -.6096 .8070 .5707 1 .4500 .0000 .5435
CACUMEXl(2) by LOHI(l) -.1435 .5964 .0579 1 .8099 .0000 .8663
CACUMEXl * HILO 4.8325 .0893 .0281
CACUMEXl(1) by HILO(l) .3562 .4915 .5254 1 .4685 .0000 1.4280
CACUMEXl(2) by HILO(l) 1.1880 .5442 4.7667 1 .0290 .0512 3.2807
CACUMEXl * HIHI .6645 .7173 .0000
CACUMEXl(1) by HIHI(l) .0276 .4972 .0031 .9557 .0000 1.0280
CACUMEXl(2) by HIHI(l) .4437 .5508 .6489 .4205 .0000 1.5584
Constant .0331 .2323 .0203 1 .8866
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Table H5 Unconditional logistic regression model II data.
Parameter
Value Freq Coding
(1) (2)
CACUMEXl
<6 yrs 1 491 .000 .000
6-14.9 yrs 2 140 1.000 .000
>15 yrs 3 131 .000 1.000
HILO
0 583 .000
1 179 1.000
HIHI
0 587 .000
1 175 1.000
CAGE1
<=40 yrs 1 452 .000
>40 yrs 2 310 1.000
CSEX
FEMALE 1 127 .000
MALE 2 635 1.000
LOHI
0 646 .000
1 116 1.000
Beginning Block Number 1. Method:: Ente
Variable(s) Entered on Step Number
1.. LOHI
HILO 
HIHI 
CAGE1
CSEX catsex
CACUMEXl
Table H4 Unconditional logistic regression model II data continued.
Estimation terminated at iteration number 2 because 
Log Likelihood decreased by less than .01 percent.
-2 Log Likelihood 1037.732
Goodness of Fit 7 62.007
MODEL II
Variables in the Equation
Variable B S.E. Wald df Sig R Exp(B)
LOHI(1) -.1075 .2348 .2095 1 .6471 .0000 .8981
HILO(1) .1160 .1991 .3392 1 .5603 .0000 1.1230
HIHI(1) .6363 .2015 9.9663 1 .0016 .0869 1.8894
CAGE1(1) -.2134 .1679 1.6148 1 .2038 .0000 .8079
CSEX(1) -.1254 .2293 .2992 1 .5844 .0000 .8821
CACUMEXl 1.7186 2 .4235 .0000
CACUMEXl (1) .1919 .2021 .9018 1 .3423 .0000 1.2116
CACUMEXl(2) -.1326 .2215 .3585 1 .5493 .0000 .8758
Constant -.0465 .2231 .0434 1 .8349
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APPENDIX I 
INFORMED CONSENT
CONSENT FORM
VOLUNTEERS PARTICIPATING IN THE INVESTIGATION
I (BLOCK LETTERS)
of.
agree to participate in the investigation on the
following terms:
1. The reasons for the investigation have been explained to me.
2. The methods, objectives, and protocol of the experiment have been explained 
to me.
3. I understand that my permission is required before video film, audio tape 
recordings, and photographs can be made.
4. I understand that I reserve the right to return the questionnaire uncompleted
and can refuse participation before or during any of the experimental 
procedures.
5. I understand that participation in the procedures shall be entirely at my own
risk and that the University of Surrey will not accept liability for any effects 
suffered by me as a result of such participation except to the extent that it can 
be shown to have been negligent. I understand that this does not affect my 
statutory rights.
6. I understand that all information collected and analyzed during the
investigation will be strictly confidential; and will not identify individuals; and 
will not provide facts that could lead to the identification of individuals to 
BOC or other parties.
7. I am over 18 years of age.
Signed______________________________  Date
R O B E N S
Institute
Robens Institute
University of Surrey, Guildford, Surrey GU2 5XH United Kingdom Tel: (0483) 259203 Fax:(0483)503517 Telex: 859331
APPENDIX J 
PUBLICATIONS
MATERIAL REDACTED AT REQUEST OF UNIVERSITY
The Design, Testing and Facilitation of Strategies
f
Foi* Reducing Slips, Trips and Falls 
Of Delivery Drivers
Accepted as an abstract for STFA 1998. University of Surrey. Guildford. Surrey 
J.J.Devereux, S.Grainger and the Sureflow Task Force*
Ergonomics Research Unit, Robens Institute, University of Surrey, Guildford, Surrey, 
GU2 5XH
* BOC Sureflow, The Priestley Centre, Priestley Road, Guildford, Surrey, GU2 5XY 
E-mail: J.Devereux@surrev.ac.uk
Cylinder delivery drivers, like most delivery drivers, are at risk of slips, trips and falls 
from getting in and out of vehicles (Nicholson and David, 1985). Additional risks are 
present when delivery drivers’ manual handle gas cylinders underground in pub cellars 
or at ground level. Pub cellar environments can be disorganised, wet, slippery, dark, 
cold and can have low ceiling heights and uneven floor surfaces. Steps into cellars can 
also be poorly maintained and be very narrow and steep. Many aspects of the work 
environment, the workplace and the work task as well as individual factors may be 
attributable to accident causation (Leamon and Murphy, 1995). Approaches are 
described that aim to reduce slips, trips and falls while performing cylinder deliveries.
A participatory organisation task force was formed consisting of a senior manager, line 
managers, an engineer, delivery drivers and a consulting ergonomist (Nagamachi, 1995, 
Noro, 1991). Previous research has shown that participatory approaches for job 
redesign may not be optimised without expert ergonomics knowledge (Devereux et al, 
1997).
The task force performed an analysis of accident reports and near misses for each task 
within the job. This process indicated various aspects of the job that needed attention.
371
It also became clear that best cylinder handling practices were not standardised and 
unclear.
Practical case scenarios, video analysis, expert walkthroughs, accident analysis and 2D 
back compression model data (Chaffin and Andersson, 1991) were used to establish 
safer work and manual handling practices for delivery drivers. A manual provided 
guidelines for forklift driving and best practices in the yard, on the vehicle, at the 
delivery point and forklift driving.
The guidelines were reinforced through coach assistance days designed to change the 
safety culture, to increase perceptions of risk from hazards and to change attitudes and 
behaviours on the job. The coaches were selected delivery drivers who were trained in 
a programme designed, piloted and evaluated by the task force (Hagberg et al, 1995).
The usability and performance of the existing cylinder trolley was addressed and new 
designs from the task force were piloted and implemented to optimise its usability.
Some members of the task force were replaced by other employees of the organisation, 
while maintaining the balance of different job roles, to facilitate the communication of a 
safety culture and changes in the practice of cylinder deliveries through the 
organisation.
Other solutions were designed, tested and facilitated into the job affecting the vehicles 
and delivery sites. A video was produced using delivery drivers to describe their 
experiences of reducing hazards on the job and was integrated into the coach assistance 
days.
Summary
Attempts were made to change the organisation safety culture, perceptions of risk and 
the manual handling behaviour of cylinder drivers by a number of strategies designed, 
tested and facilitated using an ongoing participatory approach to job redesign. Part of 
the aims of the task force was to reduce accidents to slips, trips and falls. Accident 
records, delivery driver attitudes and coach assistance days are being used to monitor 
the effects of job redesign.
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